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The effect of the spectral composition of light on 
photosynthesis was studied recently from several aspects: 
in connection with the spectrum of action of photosyn- 
thesis [1], by the quantum output of photosynthesis [2,3], 
and finally, in connection with the effect on the path of 
the assimilation of carbon dioxide [4,5]. In studying the 
latter question, it appeared that the character of the ob- 
served changes in the products of photosynthesis shows the 
possible activation of the oxidizing processes by short- 
wave radiation (400-580 my) in comparison with long - 
wave radiation (600-700 my). The position of the com- 
pensation points of photosynthesis is also indicated by 
this [6]. It is suggested that the noted changes are con- 
nected with the strengthening of absorption of oxygen by 
the leaf under the effect of short-wave radiation. How- 
ever, experimental indications of such an effect for green 
leaves are practically nonexistent. 


The absorption of oxygen in light was studied main- 
ly in connection with an explanation of the action of 
light on respiration or photooxidation [1]. The investi- 
gation «f the indicated reaction involves great methodol - 
ogical difficulties, because two opposing processes, the 
giving off of oxygen (photosynthesis) and its absorption, 
take place simultaneously in the green leaf in light. 

This difficulty is overcome either by inhibiting photo- 
synthesis with poisons or by excluding CO, from the gas 
phase [7]. The use of the stable isotope O”* also opens 
up broad possibilities for the investigation of the question 
without the exclusion of photosynthesis [8]. 

The absorption of oxygen by green leaves in light 
was established with the help of the indicated methods, 
It appeared that both the suppression and stimulation of 
the process by light take place for various objects [7]. 
Moreover, Brown and his colleagues[9,10] recently showed 
that for the same object, the absorption of oxygen is 
changed in broad limits in relation to the intensity of the 
lighting: The increasein the intensity of radiation leads 
to a strengthening of the process. 

The question of the effect of the spectral composi - 
tion of the light has been much less investigated. In this 
connection, one can cite only the work of Foeckler [11] 


and Bode [12]. In the first work photosynthesis is sup- 
pressed by phenylurethan. With this a decrease was found 
in the absorption of oxygen on blue light in comparison to 
darkness; the absorption of oxygen was not observed at all 
for red or green light. In Bode's experiments, which were 
carried out in an atmosphere lacking CO,, blue and red 
light activated the absorption of oxygen, Thus the inten- 
sity of the process was greater in blue light than in red 
light. Judging by Bode's data, blue light rather than red 
activates the absorption of oxygen. However, Bode and 
Foeckler obtained differing data on the action of red 
light. The light curves of the process were not taken by 
them. Therefore the question of the effect of the quality 
of the light on the absorption of oxygen by green leaves 
cannot be considered finally resolved. 

In the experiments described below, we determined 
the relationship of the absorption of oxygen by green 
leaves to the spectral composition and intensity of light. 
Besides this, there was a test to explain several aspects 
of the mechanism of the process. 


OBJECT AND METHOD OF INVESTIGATION 

The experiments were carried out with leaves of to- 
bacco, corn and beans at ages of 60, 20, and 15 days. The 
tobacco and corn were grown in the summer and the bean 
in the autumn under a DRL lamp (500 w). Leaves used in 
the experiment were from plants that had not undergone 
preliminary darkening. 

The measurement of absorption in the light and dark 
was made with the help of the Warburg method. Slices 
from the leaf with dimensions of 5 cm” were washed in a 
sieve, in a cylindrical container, with a 5% KOH solution. 
The walls and mouth of the container were covered with 
alkali-soaked filter paper for more complete absorption of 
the carbon dioxide given off by the leaves in the process 
of respiration. A similar method of establishing experi- 
ments is close to that described by Frank and French [13]. 
The substitution of 5% KOH for 10% KOH in our experi - 
ments was justified by the fact that the more diluted alka- 
li, as the preliminary experiments showed, significantly 
decreased the possibility of wilting of the leaf. The ab- 
sorption of CO, was not decreased with this. This is shown 
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by the stable quantity of oxygen absorbed:of the same or- 


from above with lamps placed in running water for re- 
moval of the infrared radiation. Lamps covered with a 
KS-II light filter served as a source of long-wave light. 
In the case of short-wave light, a high pressure PRK-7 
mercury -quartz lamp [14] with anSZS-14 light filter was 
necessary. 

The spectral characteristic of the light filters is pre- 
sented below (Fig. 1). Use of a grid makes it possible to 
work with different intensities of light (see Table 1). 

The lowest intensities of light in both cases gave 
photosynthesis below the compensation point,and the high - 
est were below the light saturation of photosynthesis. 

Experiments on the determination of the absorption 
of oxygen were carried out with alternating periods of 
dark, light and dark for a single leaf and with parallel de- 
termination of the absorption of oxygen in the dark andin 
the light for different sections of the leaves. It appeared 
that the "dark" variants on alternating dark-light-dark 
were somewhat differentiated from each other, that is, the 
after-effect of light on respiration was suggested. How- 
ever, the increase of the dark respiration after lighting was 
unimportant (on the order of 10-15%) in comparison to 
the change in the activity of the absorption of oxygen 
under the effect of light. Therefore, in all experiments 


TABLE 1, Intensity of Light in the Ex- 
periment (in ergs /cm?” * sec) 
Number of j Red ~ Blue 





grids light light 
Without grid 57 700 43 300 
1 grid 36 700 24 100 
2 grids 19 950 13 600 
3 grids 9 000 5 600 
4 grids 4 000 2 800 
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Fig. 1, Spectral curves of the transmission co- 
efficients of optical filters. 





der as with the 10% KOH. The test containers were lighted 



























the activity of the absorption of oxygen in light was re- 
lated to its absorption in the first period of dark, that is, 
after lighting. It is necessary to show that a leveling of 
the temperature conditions in the containers took place 
with a shift from dark to light and vice versa in a period 
of 30-40 min. The effect was connected with the absorp- 
tion of radiation by the leaf with switching on the light 
and, as a result of this, the disturbance of the tempera- 
ture equilibrium between the gas phase and the leaf. 
Therefore, we present below data obtained in conditions 
of temperature equilibrium without calculations for the 
first 30-40 min after the change in light conditions. 

In the first series of experiments the relationship of 
the absorption of oxygen to the intensity and spectral 
composition of light was explained, The experimental 
data are shown in Fig, 2. 

It follows from the data in Fig. 2 that the absorption 
of oxygen took place at any of the light intensities ex- 
amined in the experiment. The connection of the pro- 
cess with the intensity of the light was clearly seen: The 
absorption of oxygen was greater,the higher the intensity 
of the light. Thus, at 3-10° ergs/cm?- sec (an intensity 
giving an amount of photosynthesis below the compensa- 
tion point), the absorption of oxygen was lower than in 
the dark. It was, on the basis of numerous experiments, 
on the average not more than 40-60% of the dark. The 
effect of the spectral composition of light in this case al- 
ready appeared as a slight increase in the absorption of 
oxygen under the effect of short-wave radiation relative 
to the long-wave radiation. 

With an increase in the intensity of light, both the 
degree of absorption and the differences in the effect of 
the spectral composition of the light increased. For blue 
light, the activation of the absorption of oxygen by light 
(that is, the excess of the process over the dark) began on 
lighting of the order of 15- 10° ergs/cm? * sec and about 
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Fig. 2, Absorption of O, by leaves in light (as 
% of dark). Solid lines are for tobacco; broken 
lines for bean; squares on the curves are blue 
light and circles are red light. 
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TABLE 2. Absorption of Oxygen by Killed and Living Leaves in Relation to the Spec- 
tral Composition and Intensity of Light (11 O, per 5 cm?/hr) 





Blue light 





lightintensity,} Control} test | percent 
(living | (killed of 


ergs/cm? - sec 
8 leaf) leaf) control 














2 800 15.8 None 0 
13 600 33.4 5.0 14.9 
24 000 32.7 6.9 21.0 
24 000 27.8 2.7 10.0 
47 000 51.7 11.4 22.0 


37° 10° for red light. With the highest light intensities, on 
the order of 50- 10° ergs/cm?- sec, the absorption of oxy- 
gen on blue light was about 300- 400% and,on red light, 
150-170% of that in the dark control. 

Thus, it was shown that the activity of the absorption 
of oxygen by green leaves of plants in light does not re- 
main constant. It is changed in relation both to the inten- 
sity and to the spectral composition of the light. In weak 
light, the process of absorption of oxygen is weaker than 
in the dark and is stronger in strong light. The activation 
appears more clearly in short- wave light. For leaves of 
the study plants, tobacco, bean, and com, similar results 
were obtained,in general,showing the close connection of 
the process of oxygen absorption by the leaves to the light 
regime, A decrease in the absorption of oxygen in the 
absence of CO, in weak light in comparison to the dark 
usually explains the repeated use of the carbon dioxide 
from respiration in photosynthesis, The oxygen given off 
here, with a manometric determination of the gas exchange, 
actually must distort the results, decreasing the size of the 
negative effect. While not excluding this possibility, we 
would like to turn our attention to the fact that data simi 
lar to ours were also obtained by Kok [15] for very thick 
suspensions of Chlorella, and by Brown and others [16] for 
the algae Anabaena. Kok, like us, worked with an atmos- 
phere free of CO,. The experiments of Brown and others 
were carried out in conditions where the use of oxygen, 
0 and O% made it possible to consider simultaneously 
both the absorption and giving off of oxygen. Results of 
work concerned with the strengthening of the reaction of 
the absorption of oxygen with an increase in the intensity 
of the light obtained by Brown and his colleagues [9,10] 
for algae in work with red light were similar to ours. 


An explanation of the nature of the reaction is of 
interest. It is known that the stimulating action of strong 
light on the absorption of oxygen is connected with the 
processes of photooxidation [13,17]. Photooxidation is 
observed both for living and for dead boiled leaves, that 
is, this reaction has a nonenzymatic character, There are 
no data on the nature of the reaction for average andlow 
light intensities. In order to explain the nature of the re- 
action in our light conditions, a second series of experi- 
ments was established. Primarily (Table 2), the size of 





Red light = 

light 

intensity, | control test percent 

— ¢ per (living (killed of 

cm - sec leaf) leaf) control 
4 000 9.2 None 0) 

20 000 9.2 0 

36 000 8.4 " 0 

57 700 19,6 3,7 18,8 








the reaction for living leaves and leaves killed by boiling 
in water for one minute were compared. (With this treat- 
ment the color of the leaf did not change and no emer- 
gence of pigments into the solution was observed.) 

As the data in Table 2 show, the absorption of oxy- 
gen for killed leaves at low intensities was not observed 
at all and some absorption was observed at the very high- 
est intensities. Blue light aided the absorption of O, by 
the killed leaves more than red light. 

However, the reaction for killed leaves never ex- 
ceeded 2/, the oxygen absorption of the living leaves. 
Therefore, one can assume that the absorption of oxygen 
in our experiments, even with the highest light intensities, 
in general has a different nature than the effect of photo- 
oxidation, 

Thus, the data in Table 2 show the enzymatic character 
of the process. Furthermore, the possibility of the action 
of the cytochrome system of the respiratory cycle in the 
light absorption of oxygen was explained with the help of 
sodium azide, The poison was introduced into the leaf 
by the method of vacuum filtration following freeing of 
the intercellular spaces of water. The latter was neces- 
sary in connection with the fact that the absorption of 
oxygen in light appeared to be more responsive in rela - 
tion to aeration conditions than the absorption of oxygen 
in the dark, The greater the degree of moisture in the 
leaf, the less the reaction as compared to the dark (Table 
3). While for normal, turgescent leaves not treated with 
water, activation of the absorption of oxygen by blue 
light on the order of 70% was observed, leaves floating 
in water for 22 hours did not show an excess of the pro- 
cess as compared to the dark. For infiltrated leaves 
(without elimination of water) absorption was even low- 
er than in the dark (60% of the dark). Elimination of 
intercellular spaces to a significant degree restored the 
size of the reaction. At the same time, in spite of the 
decrease in the reaction, the usual character of its re- 
action to the light conditions (intensity and spectral com- 
position) was maintained (Table 3). 

The action of sodium azide on the absorption of 
oxygen in the dark and in short-wave light (36- 10° 
ergs /cM,° sec) is shown in Fig. 3. Sodium azide in con- 
centrations of 7-10 * moles significantly (up to 40-50%) 
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TABLE 3, Relationship of Light Absorption of Oxygen to 
the Degree of Soaking of the Leaf 

Activity of absorption of oxygen 
in light as % of dark 

Blue light, 24: 10°|Red light,36-10° 
ergs/cm?. sec _jergs/cm?: sec 








Leaf preparation 





No preparation 

In water 22 hours 

Immediately after 
infiltration 66 i 

40 minutes after in- 
filtration; intercel- 
lular spaces */, 
eliminated 


170 135 
103 58 
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TABLE 4, The Effect of Sodium Azide onthe Absorption 
of Oxygen by Tobacco Leaves in Relation to the Spec- 
tral Composition and Intensity of Light 

(Data in pl O, per 5 cm?/ hr) 














ne Strong light Weak light 
Conditions of one’ gril) (four eas) 
illumination satin NaNg 1 a 
7710-4 M [oom | 7-104 M 

Dark 17.3 1.4 18.3 9.7 
Blue light 22.3 20.2 3.2 3.7 
Dark 25. 4 10.1 - - 
Dark 21,4 11.7 10.6 6.9 
Red light 14,5 14.6 3.4 2.6 
Dark 20,0 13.8 - - 














suppressed the absorption of oxygen in the dark, Conse- 
quently,a significant portion of the dark respiration for 
tobacco leaves takes place in proportion to the metal- 
containing oxidase. 

Differences between the control and experimental 
leaves were not observed on short-wavelength light — 
the poison did not decrease the absorption of oxygen. 
The absence of an effect of the poison was connected 
with its disintegration. Turning off the light reestab- 
lished the previous picture in dark again, even to a 
greater degree than earlier; a suppression of the reaction 
was observed. 

The effect of sodium azide was also investigated in 
relation to the intensity and spectral composition of the 
light (Table 4), At high intensities of both the shortwave 
and the long-wave radiation, sodium azide practically did 
not affect the absorption of oxygen. The same can be 
also said of the effect of weak light. Thus, the data in 
Table 4 make possible the usual conclusion that the ab- 
sorption of oxygen in light is insensitive to the sodium 
azide in those concentrations that suppress dark respira - 
tion. From this it follows that the nature of the enzymes 
taking part in the absorption of oxygen, and the general 


418 








mechanism of the reaction for the greenleaf, are different 
in light and dark. Of course,part of the absorption of oxy- 
gen in light obviously is accomplished according to the 
dark type with the action of oxidases of the respiratory 
cycle localized in the nongreen parts of the leaf — plasma 
and mitochondria. However, at high illuminations this 
portion of the absorption of oxygen is insignificant. 

According to the data in the literature [1], it is 
known that sodium azide inhibits not only respiration but 
also the photosynthetic generation of oxygen. We at- 
tempted to calculate the absorption and generation of 
oxygen in the light by means of selecting the concentra- 
tion of sodium azide, In the experiments carried out be- 
low, we compared the susceptibility to the azide of three 
processes: the generation of oxygen on photosynthesis, 
the absorption of oxygen in light and in dark. Sodium 
azide is infiltrated into the leaf in different concentra - 
tions. Then slices were placed in an atmosphere con- 
taining CO, (Warburg buffer No.9 was added at the mouth 
of the container along with the KOH). 

Results that were obtained are presented in Table 5. 

The poison in a 7° 10“ mole concentration did not 
affect the light absorption of oxygen, and completely 
suppressed photosynthesis and respiration at 60% of dark - 
ness (experiments 1 and 2). At a poison concentration of 
5°10 “mole the dark respiration was not suppressed; 
however, photosynthesis in this case was also completely 
suppressed (experiment 3). This can also be stated for 
experiment 4 (poison concentration of 2.5°10 *M). The 
results that are presented give an idea of the different 
susceptibilities to the action of sodium azide of oxidases 
of the respiratory cycle, the process of oxygen generation 
with photosynthesis and the process of light absorption of 
oxygen. The most susceptible appeared to be the reac- 
tion of oxygen generation, Using different susceptibility 
of the indicated reactions to sodium azide, one canstudy 
the reaction of oxygen absorption in the presence of CQ. 
With this the possibility of distortion of the indicators in 
manometers is eliminated in proportion to the summa- 
tion of the two simultaneously proceeding processes, the 
absorption and generation of oxygen. 
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Fig. 3. The effect of sodium azide on the 
absorption of O, in light and in dark. In pl 
O, per 5 cm*/hr. Circles on the curves are 
controls; squares are experimental results. 
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TABLE 5. The Effect of Sodium Azide on the Absorption and Generation 
of Oxygen by Tobacco Leaves in Light (Data in ul O, per 5 cm? per hr) 














| Absorption (-) and 
Expt. ery and Illumination conditions (light in- generation fe at O, 
molarity : 5 em?/hr 
of NaN; tensity in erg/cm? - sec) pero’ 

Dec mdse ___| control |_ test_ 

1 7-40-4 Blue light 47 - 104 425.5} —13.9 
{ Dark P —16.3 —7.3 

2 7-10-4 Blue light 24 - 10 +14.8| —13.8 

3 5.40-4 Dark me —10.5 

jpn Blue light 47 - 104 +33.4 | —10.1 

4 2.5-10-* | Red light 36.7 - 104 +13.1 | —10.0 





DISCUSSION OF THE RESULTS 

The data that were obtained show that for green 
leaves in light the absorption of oxygen different from 
that in the dark is observed, The intensity of this ab- 
sorption is determined by the light intensity and depends 
on its spectral composition. With low exposure, the 
light absorption of oxygen is even less than in the dark; 
the increase in the intensity of light,both of long-wave 
and of short-wave light, leads to the activation of the 
process, Our results for higher plants in this respect com- 
pletely correspond to the results [9,10] obtained for photo- 
synthesizing algae with the use of isotopes of oxygen and 
carbon dioxide. In these works and in our experiments, 
the objects of investigation were different — lower and 
higher plants. However, because of the presence of 
chlorophyll they possessed one common characteristic: 
the capacity for photosynthesis. The same common 
characteristic of green plants, apparently, is the rela- 
tionship of the absorption of oxygen to the illumination 
conditions, At the same time, this process to some de- 
gree does not depend on the assimilation of CO, by the 
leaf, insofar as it is observed both with photosynthesis and 
in its absence, regardless of whether or not the process of 
photosynthesis is suppressed by poison or by the exclusion 
of CO, 


The spectral composition of the light has a signifi- 
cant effect on the size of the reaction: With an increase 
in the quantity of radiation the absorption of oxygen in- 
creases in both regions of the spectrum; however, in the 
case of short-wave radiation, the process proceeds signifi- 
cantly more rapidly. The latter supports the idea de- 
scribed earlier that the strengthening of the oxidizing 
processes under the effect ofshort-waveradiation is con- 
nected with the absorption of oxygen [6]. 

The results obtained for green leaves differed from 
the results obtained by us earlier on the action of light 
on the absorption of oxygen bychlorophyll-noncontaining 
leaves, For the latter, any intensity of blue light acti- 
vated the process relative to the dark, but red light did 
not show any effect [18]. The enzyme taking part in the 
absorption of oxygen in light by green leaves is not, as 
for nongreen leaves, the cytochrome oxidase of the res- 





piration cycle, as we had supposed earlier [6]. This en- 
zyme is differentiated by its high resistance to sodium 
azide. 


Insofar as the differences are determined by the pre- 
sence of chlorophyll, it is obvious that the systems with 
the help of which the absorption of oxygen by green 
leaves in light takes place are localized in the chloro- 
plast. It is possible that these components of the cyto- 
chrome system differ in properties from the cytochromes 
of the respiration cycle. In connection with the investi- 
gations in which the localization of a whole series of 
cytochromes in the chloroplast was established, there is 
now a sufficient basis for this assumption [19,20,21)]. 


Thus, it is possible that photooxidase recently found 
in chloroplasts of spinach and other green plants is respon- 
sible for the absorption of oxygen in light (22,23 ,24]. As 
in our experiments, this photooxidase, oxidized by cyto- 
chrome C in light, was not susceptible to those concen- 
trations of sodium azide that suppressed the action of the 
oxidases in the dark, This enzyme was not found for 
etiolated leaves, According to modern ideas, the cyto- 
chrome systems, being components of the photoactivated 
complex of the chloroplasts, takes part in the transfer of 
energy absorbed by the chlorophyll. The close connec- 
tion of the enzyme to the chlorophyll and the possibility 
of migration of energy into the complex make it possible 
to explain the effect of the intensity of light on the pro- 
cess of oxygen absorption and the differences in the ac- 
tion of the short-wave and long-wave radiation: The activ- 
ity of the oxidase in this case is in direct relation to the 
quantity of light absorbed by the chlorophyll. The action 
both of the red and of the blue light can conform to this 
rule. However, in the case of short-wave radiation, addi- 
tional activation of the process can take place in propor- 
tion to the immediate absorption of light by the enzyme 
itself. Indirect support of this can be found in the work 
of Krall [26]. He showed that the photosynthetic phos- 
phorylization activated those parts of the short-wave ra- 
diation that are absorved by the cytochromes. Sisakyan, 
Krasnovskii and others [27] observed the decomposition 
for isolated chloroplasts of the complex of cytochrome oxi- 
dase with CO not only by white light, containing short- 
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wave rays, but by red light, although to a lesser degree. 
This is connected also with the possibility of a transfer 
of energy of light absorbed by the chlorophyll to other 
systems. 

The question of the paths of the rise of the absorbed 
oxygen of the photosynthesizing cell at the present time 
is not clear. It is obvious only that this process is to a 
significant degree unrelated to the intensity of the re- 
action of the respiration cycle. In fact, the probable 
localization of it in the chloroplasts makes doubtful its 
part in the respiratory conversions, The overwhelming 
majority of work showed that light does not have an 
activating effect on the generation of CO, or that it sup- 
presses this process [28], 

A number of facts established by the scientific asso- 
ciations directed by Nichiporovich [29,30] and also the 
data of Moses and others [31] and Moiz [32] show the 
difference in the metabolism of green plants in the light 
and in the dark, 

Although some portion of the absorbed oxygen pos- 
sibly is also connected with the reactions of the respira - 
tion cycle, the normal figure for the absorption of oxy- 
gen in clear light significantly exceeds (especially in 
the case of short-wave light) the demands for oxygen for 
respiration conversions. The reactions in the lighted 
leaf that can be connected with the absorption of oxygen 
must be shown in further investigations. At the present 
time, analysis of the existing literature makes it possible 
to state only the proposition that the light absorption of 
oxygen can be specified by reactions with recovered 
water obtained as a result of photooxidation. Now, 
sufficient data are accumulated on the possibility of the 
photochemical restoration by photosynthesizing plants 
of such substances as NO3, NO2, and SOs, besides COy. 
(32,33,34]. With this,the competitive character of the 
process of assimilation of nitrates and CO, in photosyn- 
thesis is revealed [31]. Brown [9] suggests that there can 
be an interaction between the reducer and the atmos- 
pheric oxygen. According to his data, the less the con- 
centration of CO,, that is, the less reducer needed in the 
restoration of CO,, the more actively the absorption of 
oxygen takes place, For green algae and Chlorella, the 
possibility of oxidation of photochemically formed re- 
ducer not only by oxygen, but also by hydrogen peroxide, 
was established [35], In studying Hill's reaction in an 
atmosphere of normal air, the absorption of oxygen by 
fragments of the chloroplasts was indicated [36]. The 
size of this absorption depended on the activity of the 
Hill reaction, that is, it was closely connected with the 
photooxidation of water. The possibility of the absorp- 
tion of atmospheric oxygen, depending on the photo- 
oxidation of water, is supported by experiments by Meh- 
ler [37] with the O'* isotope of oxygen. 

Of course, other uses of absorbed oxygen are not ex- 
cluded (for example, on the change in the relationship 
of the products of photosynthesis, strengthening of the 
reaction of phosphorylization, etc). It is possible that 
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for aerobic autotrophic plants, this process is necessary 
for maintaining in some condition a certain oxidation- 
reduction regime of photosynthesizing cells [38,39]. 


SUMMARY 

1, The intensity of oxygen absorption by green 
leaves in light depends on the intensity and spectral com- 
position of the light. 

An increase in the intensity both of long-wave and 
of short-wave radiation activates the process. However, 
in the case of short-wave light the process proceeds more 
intensively, 

2. The oxidase taking part in the absorption of oxy- 
gen by leaves in the light differs in its susceptibility to 
sodium azide from the oxidase of the respiration cycle. 

3. The data that were obtained show the differences 
in the mechanism of oxygen absorption by green leaves 
in the light and dark. 
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The introduction of corn into new regions quite nat- 
urally must be supported by the study of the various as- 
pects of its behavior under given ecological conditions. 
The selection of average-+ripening and average-late-rip- 
ening varieties with a high yield of green mass and ripe 
ears is of great importance here. 

In the absence of special varieties created by means 
of selection, the problem of corn for new zones can be 
solved by the selection and detailed study of the avail- 
able varieties. The latter is especially necessary in cul- 
tivating corn from seeds, A number of methods, such as 
simultaneous (early) sowing, knowledge of variety pecu- 
liarities, and selection acclimatization, etc,.,to increase 
early ripening, can be employed by agronomists when 
local seeds are available. 

Corn occupies an important place in the fodder bal- 
ance in the Zaural region, Western Siberia, and other 
regions of virgin soil and waste lands with their primarily 
chernozem soils, The indicated zone has a very conti- 
nental and arid climate and an adequate amount of 
warmth. The goal of the study of corn should be not only 
to determine which varieties are early ripening and give 
high yields, but also to establish the drought resistance 
of these varieties. 


One of the indicators of these characteristics in 
corn is the rate of photosynthesis, which is an important 
physiological process and a basic factor of the yield. 
Therefore, the study of photosynthesis for various varie- 
ties in the new habitat conditions is of interest in connec- 
tion with the insufficiency of data in the literature on 
the photosynthesis of corn. 

Our investigations on this question were carried out 
at the Troitsk educational-experimental farm of Permsk 
University (southern part of the forest steppe of Chelya- 
binsk region) in the 1957-1958 period. The hydrothermic 
conditions of the indicated years in the indicated zone 
differed significantly. The summer of 1957 had an av- 
erage monthly temperature of 15,8° and a total precipi- 
tation of 245 mm. In spite of drought at the beginning 
of the summer, with an abundance of moisture and 
heat in July and August and a late frost (September 24), 
the conditions for the growth and development of corn 
were completely favorable. 
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RATE OF PHOTOSYNTHESIS FOR CORN 


pp 507-515, 


The summer of 1958, with an average temperature 
of 13.5° and a total precipitation of 199 mm, was dis- 
tinguished by sharp and continuing drought, because Sep- 
tember precipitation (105mm), with low temperatures, 
was practically ineffective, Because of this, and also be- 
cause of an early frost (September 10), this year was ex- 
tremely unfavorable for corn. The indicated meteoro- 
logical conditions had a great effect on the rate of pho- 
tosynthesis and all behavior of the corn varieties. 


1, Experimental Conditions and Calculation of Photo- 
synthesis for Different Varieties of Corn, 1957 

The variety study of corn in 1957 was carried out on 
a weakly leached clay chernozem with complete fertili- 
zation applied under a cultivator plow. Sowing was done 
on May 10 with a normal sowing of 16-25 kg of seeds per 
hectare in relation to the size of seed. Ten varieties 
were tested, three of which were obtained from Troitsk 
elevators, the others having been grown locally in pre- 
vious years, The survival of 30-32 thousand plants 
per hectare was guaranteed. 

Varieties with primarily average- and late-ripening 
forms were taken to study photosynthesis; brief biometric 
and phenologic data are presented in Table 1. 

Calculation of photosynthesis was made for corn of 
six varieties once every ten days by the method of deter- 
mining carbon according to L, V. Tyurin in the Borodu- 
lina and Kolobaeva modifications [1] in discs of specific 
size taken in the morning and evening from a single 
leaf. The fourth (or fifth) leaf from the top, the one most 
completely formed and most active, was always taken 
for measurement. The amount of. daytime accumulation 
of carbon by the leaves in mg/ dm’ for 12 hours for the 
given day and variety was established according to the 
differences in the concentration of carbon in the mor- 
ning and evening samples, 

The indicator of the intensity of photosynthesis is 
usually expressed in the literature [2-7] in the form of 
mg CO, /dm” per hour assimilated by the leaves, The 
object of the investigations and the conditions of field 
work did not allow us to-use the latter method, which is 
poorly adapted for calculation of the rate of the process. 

The daily accumulation of carbon (or intensity), as 
is well known, is closely connected to the rate of treat- 
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TABLE 1, Biometric and Phenologic Data for Corn of Different Varieties in the 1957 
Season on July 31 
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i" | r g 2 July 20 uly 20 on August 21 
Hybrid VIR-42 246 14 76.5 8.6 24 14 150 
Sterling 256 12.8 79.5 9.2 40 18 138 
Yellow, Stalinsk region 231 | 12.1 64.7] 8.5 15 13 160 
White Kharkov 238 | 12.6 85.8] 8.4 71 76 156 
Yellow Rumania 238 42.5 72.2 | 10.7 54 41 165 
North Dakota 198 9.9 75.9 7.9 36 127 171 
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Fig, 1. Rate of photosynthesis for corn of different varieties 
by date, 1957 season. A) Concentration of carbon (C) per 1 dm?® 
of leaf surface (morning calculation); B) daily accumulation of 


carbon, 1) Hybrid VIR-42; 2) Yellow Stalinsk; 3) Sterling; 4) Nor- 
North Dakota; 5) yellow Rumania; 6) Karabalysk flint. 











ment and flow of assimilates and the intensity of respi- 
ration, and strongly depends on the weather conditions of 
the day. In this connection we considered it necessary to 
trace additionally the rate of the normal concentration 
(accumulation) of carbon in the leaves over the vegeta- 
tion period, This quantity appeared to be more stable; 
in a number of cases it can play in like manner an im- 
portant independent role, Both indicators, especially the 
first, are identical with the “pure productivity of photo- 
synthesis” [4], 

The usual level of the indicated figures for the dif- 
ferent varieties and its change by dates of vegetation are 
shown in Fig, 1. 

Curves of the normal concentration of carbon by 
dates as an indicator of the process over an extended pe- 
riod, after an intensive increase began to decline at the 
end of August for all varieties, a fact explained by the 
growth properties of the plants and the decrease in soil 
moisture (from 18 down to12% average per cut). 

The concentration of carbon for the flint varieties 
(curves 5 and 6) is practically identical to the others at 
the beginning of vegetation and appears to be signifi- 
cantly lower (by 25-30 mg) towards the end of vegeta- 
tion than for the tooth-like late-ripening varieties of 
corn, The early-tipening and average-ripening varieties, 
Karabalyk, North Dakota, and yellow Stalinsk, increased 
the concentration of carbon up to August 5, after which 
a decrease was noted as a result of the process of ear 
formation, For the remaining varieties, the concentra- 
tion of carbon increased until August 18, which indicates 
their late ripening. 
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The curves of the daytime accumulation of carbon, 
the “pure productivity of photosynthesis," have a different 
character over the period of asummer. The figure show- 
ing the daytime assimilation by the calculation of all 
expenditures of carbon by the plants varies on different 
days. 

The behavior of different varieties, based on the 
daytime accumulation of carbon, is less constant and 
regular, The greatest average daily productivity of 
photosynthesis (over a season) is observed for the var- 
ieties hybrid VIR-42, yellow Stalinsk, Rumania, and 
North Dakota, which give the highest yield of green 
mass and ears (see Table 3). The exception in this 
case was variety Sterling, the decreased photosynthesis 
and high yield of which still have not been explained. 

Further determination of the characteristics for the 
four varieties was carried out by measuring the daily 
rate of photosynthesis, which is of interest for these con- 
ditions. The indicated calculation was made twice; six 
times on August 18 (with intervals of four hours) and sev- 
en times on August 29 (with a check in the morning of 
the following day). The data are presented in graphic 
form (Fig. 2). 

The concentration of carbon in the leaves during 
the various parts of the day (upper curves) is subject, 
naturally, to fluctuations. The usual character of the 
curves in both periods is practically the same. A de- 
crease in the concentration of carbon in the leaves in- 
stead of its increase up to 9AM on August 18 is caused 
by the cloudy and cool weather in the morning. With 
an optimal daytime temperature (22°), photosynthesis 
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Fig. 2. Daily path of photosynthesis of corn, A) Level of carbon (C) con- 
centration in leaves; B) accumulation of carbon over the period of a day. 
1) Hybrid VIR-42; 2) Sterling; 3) yellow Stalinsk; 4) North Dakota. 
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TABLE 2, Rate of Concentration of Carbon in Corn of Different Varieties 





Time of calculation (hour) 












































Variet — 
y ¢ | wo] «wf 7 | 2 | 6 | o 
Hybrid VIR- 42 71.4 286.9) 307.1) 318.2 312.6 295.4 305.7 
Sterling 251.7) 263.4] 280.6) 291.4 281.9 266.9 273.7 
Yellow Stalinsk 263.8} 279.0) 299.4] 303.3 300.5 277.2 281 .4 
North Dakota 237.6) 255.9] 287.0] 293.8 279.8 263.6 269 .9 
Air temperature ~- | 14.3] 21.1 18.1 . 
Cloudiness in points - 1 5 2 
TABLE 3. Yield of Corn of Different Varieties, 1957 Experiment 
Year of Gas ae aas\Wt- Of tip] Average Weight 
Variety first Date of |i cent- PETS weight | per 
ad harvest |ners~ha | “O°! | nor ear, 11,000 
Sn sudecees 4 » as She ae. on 8/20 [per ha grains 
Hybrid VIR-42 1957 Sept, 20 364 72.5 283 290 
Sterling ; 1957 Sept. 19 358 74.4 270 314 
Yellow Stalinsk 1956 | Sept. 19} 318 66.2 197 280 
White Kharkov 1956 | Sept. 16 326 69.4 226 296 
North Dakota 1956 | Sept. 12) 280 62.6 202 312 
Yellow Rumania 1956 | Sept. 16) 345 70.0 199 280 
Yellow Karabalyk 1950 | Sept. 2 165 38.4 108 188 


takes place most productively during the period from 1 
PMto 5 PM, after which a decrease for practically all 
va'leties is observed. 

According to the concentration of carbon, the varie- 
ties are located in an order inverse to their early ripen- 
ing, with the exception of Sterling in the second period, 
This same order is maintained in curves of accumulation 
of carbon over the period of one day, August 18 (lower 
series). At the end of August, that is, at the time of the 
intensive ripening of the ears, in general an increase in 
assimilation during the day is noted for the more early- 
ripening varieties (North Dakota and yellow Stalinsk), 
although this increase is not sharp. 

Variety peculiarities appear in the rate and quan- 
tity of the nighttime flow of assimilates, which is seen 
on August 29, when the accumulation is changed by the 
consumption of carbon. In individual cases the consump- 
tion exceeds the daytime accumulation, obviously in 
proportion to the assimilation of the preceding day. In 
general the decrease in carbon takes place from 6 to 7 
AM,with its following increase only at 9 to 10 AM 
(Table 2), This was also noted by Bazyrina and Ches- 
nokov [8] for potatoes, radish and oats, 

The most intensive flow of assimilates from the 


leaves (into the ears) was noted for North Dakota, which 
coincides with the earliest ripening of this variety. 
During the second half of September, the corn was 
harvested in relation to its ripening with a calculation 
of the normal yield and of the ripe ears individually 
(green mass was calculated earlier by 10-meter squares). 





The yield data 


are presented in Table. 3, 


With early sowing against a background of fertili- 
zer with good and varied types of care of the plants, in 
conditions of a favorable year, we managed to obtain 
a high yield of ripe ears, which suggests the good pos- 
sibilities of growing corn for seed in this area for not 
only the early-ripening varieties, but also the average 
ripening and average- late varieties. 

North Dakota, which ripens prior to the onset of 
frosts, can be considered the best of the varieties for 
obtaining grain and average yields of silage. After this 
come white Kharkov, yellow Stalinsk and yellow 
Rumania, 


2, Experimental Conditions and Results, 1958 





In 1958 we studied 12 varieties from our 1957 re- 
production that were different in rate of ripening. Sow- 
ing them on the same plots against a background of 
secondary fertilizers was carried out on May 6 and 7. 
The corn sprouts (in connection with the cold wea- 
ther) appeared during the period from May 22 to 25; 
they were damaged by frost on May 28, but remained 


without transplanting. The following varieties suffered 
less than the others and recovered more rapidly: yellow 
Rumania, yellow Stalinsk, white Kharkov and the early- 
ripening varieties. 

In spite of good «are, the corn of all varieties did 
not reach its average wrowth. Drying of the soil, as a 
result of which its moisture in the second half of August 
fell to 8-9% , caused a chronic wilting of the leaves, 
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retardation with dropping of the stigmas, and a sharp sup- 
pression of growth and development. 

Investigations of photosynthesis in 1958 were carried 
out on three new varieties: Uspekh, Rumania and Spasov- 
skaya. High resistance to drought was observed for vari- 
ety Uspekh with late beginning development: it practi- 
cally did not undergo wilting even in August; its thick 
leaves remained green up to the end, in contrast to the 
other varieties, For Rumania com, the effect of many 
years of selection was the earlier ripening of this normal- 
ly late-ripening variety. 

We attempted to trace variety characteristics of 
corn in 1958 by the daily path of photosynthesis for six 
varieties during three periods of the season by means of 
six calculations of the concentration of carbon per day. 
The data for this calculation by the period of the day is 
presented in graphic form (Fig, 3). 

An accumulation of carbon took place during the 
period on July 12 at an optimal temperature of 24°, but 
on August 4 between 1 PM and 5 PM at 28°, a decrease 
in its level was noted (not observed in 1957), which ap- 
parently is connected with the overheating and drying of 
the leaf cells. A reduction of photosynthesis in corn was 
noted by Shkol'nik and Makarova [6] and other authors 
in the more southern regions of the country, The concen- 
tration and accumulation of carbon over the period of a 
day was the highest on August 22, in connection with 
cloudiness and increased air moisture, First again in this 
respect on different days and hours of the day is North 
Dakota, then Uspekh, Spasovskaya and Rumania. Based 
on the daily accumulation of carbon proceeding in gen- 
eral similarly to the. level of the concentration, a similar 
increase in the following period is observed (data are not 
presented). 

The highest productivity of photosynthesis in the 
first period among the varieties was observed for Spasov- 
skaya and Sterling, in the second for varieties Uspekh and 








Spasovskaya, and in the third for North Dakota, Uspekh 
and Rumania, 

The data that were obtained again show that photo- 
synthesis proceeds on early dates and more intensively 
for early-tipening varieties. Close to this is variety 
Uspekh (average-late ripening), apparently as a result 
of its drought resistance. The other late varieties, be- 
cause of the drought, could not raise the level of photo- 
synthesis to the average norm for the second half of the 
summer which we observed in 1957. Thus, the pecul- 
iarities of corn varieties, on the basis of the productivity 
of photosynthesis, were less clearly differentiated in 
the year 1958, 

A different picture is given by the calculation of the 
productivity of photosynthesis in kilograms of carbon per 
hectare by the A. A, Nichiporovich method, with the re- 
calculation of the amount of daily accumulation for the 
indicated variety on the average leaf area of a single 
plant and the average number of plants per hectare, in the 
different periods of the season, The indicated biometrics 
were carried out one or two days immediately after the 
calculation of photosynthesis, and in the third period si- 
multaneously with the latter. The data on the quantity 
of carbon accumulated after a day by different varieties 
per hectare by periods are presented in Table 4, 

The leaf area, which increases greatly during July 
and the first half of August, is sharply decreased towards 
the end of the month for all varieties except variety 
Uspekh. However, the total accumulation of carbon in 
the following period is higher for all varieties except 
flint Spasovskaya, which has completed development. 

The data of the second period appeared to be low 
and irregular as a result of the high temperature and the 
midday depression, and also in connection with the flow- 
ering phase. The difference between the varieties, based 
on the accumulation of carbon in the first and third pe- 
riods,is most clear and regular: Higher productivity is 
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Fig. 3. Daily path of photosynthesis for different varieties of corn (dyna- 
mics of the level of carbon in the leaves). 1) Sterling; 2) hybrid VIR-42; 


3) yellow Rumania; 4) North Dakota; 5) Spasovskaya flint; 6) Uspekh. 
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TABLE 4. Leaf Area and Accumulation of Carbon for Corn of Different Varieties 














July 12 August 4 | August 22 
rat leaf area, dnditee leaf area,| Cat- |leafarea Ewa 
y thousands kg/ha thousands| bon, |thousands kg/ha 

of m*/ha of m?/ha |kg/ha | of m2/ha 6 

Sterling 28 17.93 9.62 13.47 8.47 24.22 
VIR-42 6.82 18.29 8.82 11.18 7.98 34.86 
Yellow Rumania 6.53 18.64 9.50 6.37 8.31 32.81 
Uspekh _ 12.05 | 24.44] 11.95 | 61.06 
North Dakota 5.02 14.96 6.80 10.68) 5.03 | 16.75 

Flint Spasovskaya 4.08 13.86 4.94 | 1.45 3.64 | 5.06 

















Note: 1, See Fig. 3 for the meteorological conditions for the days, 2, The number of 
plants per hectare for all varieties on the average was 23,200, 


TABLE 5, Yield of Ears for Different Varieties of Corn, 
1958 
































Number of} Yield of ears 
plants per without husks 
Variety hectare, total , hard ripened, 
1000's icentner/ha|centner /ha 
Sterling 24,0 11.7 4,00 
VIR- 42 24,0 18.8 4.69 
Yellow Rumania 24.1 20.6 | 
Uspekh 22.0 20,8 7.26 
North Dakota 22.3 22.1 12.63 
Flint Spasovskaya | 23,02 18.20 12,45 
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Fig. 4. Daily respiration path for leaves 
of different varieties of corn. Measure- 
ments on August 16, 1958, 1) Sterling; 
2) hybrid VIR-42; 3) yellow Rumania; 
4) Uspekh; 5) North Dakota; 6) flint 
Spasovskaya, 


shown for the late-ripening varieties than for the early- 
ripening varieties. However, in the conditions of 1958, 
for corn of average-late varieties, this advantage was 


not realized in the normal harvest and especially in the 
ears. 

The daily dynamics of the intensity of respiration of 
the varieties of corn studied was determined on August 
16 by the Boisen-Jensen method, The high temperature 
(20-32°) and a clear sky led to the great energy of this 
process (Fig, 4). 

The intensity of respiration of the early-ripening 
varieties appeared to be significantly higher during all 
hours of the day than for the remaining varieties, which 
confirmed the existence of variety peculiarities for the 
plants and the difference in the phases of their develop- 
ment in the indicated period. 

The water deficit for the plants in the midday hours, 
which caused a depression in photosynthesis and other pro- 
cesses, Clearly appeared in the concentration of water in 
the leaves, which during the day increased to 12-13%, 

The higher resistance to drought of the early-ripen- 
ing and average-tipening varieties was reflected in the 
high yield of ripe ears, the data for which on September 
13 are presented in Table 5. 

The early-ripening varieties with fewer plants per 
hectare gave an average harvest of 12 centers of ripe 
ears, which can be considered satisfactory for 1958, 
Rumania and Uspekh were close to it with 11 and 7 cent- 
ners, The remaining average-ripening varieties (VIR-42 
and Sterling) appeared to be little suited to the severe 
conditions of the given year and gave a low yield of ripe 
ears. 


SUMMARY 

1. Varieties of corn differing in the speed of ripen- 
ing are differentiated by the total level and character of 
the accumulation of carbon after vegetation. Photosyn- 
thesis for early-ripening varieties (and the phases of de- 
velopment) proceeds more intensively on early dates, 
reaching a maximum (based on the total concentration 
of carbon) in July and then decreasing; the maximum for 
late-ripening forms is attained in August. The average 
(for the season) daily amount of accumulation of carbon 
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is 25-30 mg higher for late-ripening varieties than for 
early-ripening. 

2. In very dry conditions (1958), the rate of photo- 
synthesis by periods appeared to be disturbed and the dif- 
ference between varieties was less distinct. However, the 
late-ripening varieties also clearly showed a higher pro- 
ductivity than the earlyripening varieties, based on the 
total accumulation of carbon after 12 hours in kg/ha 
(with the calculation of leaf area). 

3, Numerous calculations of the daily path of photo- 
synthesis for the different varieties indicate that it pro- 
ceeds for 17 or 18 hours, and the fluctuations in the ac- 
cumulation of carbon over the period of a day, The rate 
and size of the nighttime flow of assimilates from the 
leaves appeared to be higher (up to the end of August) 
for early-tipening varieties. The intensity of respiration 
of the latter in all hours of the day also was significantly 
higher than for the remaining varieties, 

4, The indices of photosynthesis for July and Au- 
gust reflect (and determine) the variety peculiarities of 
corn; in the majority of cases they are correlated with 
the size of the total harvest (and with ripe ears) and can 
serve as comparative indices in characterizing and 
evaluating the productivity of different varieties of corn. 

5. The late-ripening, high-stemmed variety with a 
high yield of ripe ears in 1957 hada sharply decreased 
yield in 1958. To guarantee the yield of seeds of corn in 





the given zone, the annual cultivation of a number of 
varieties with different dates of ripening and the method- 
ical practice of systematic procedures for the accumula- 
tion and retention of moisture in the soil are necessary. 
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From the anatomical and cytological literature it 
is known that water reaches the plant leaf parenchyma 
cells not only directly along the xylem portion of the 
conducting tissues of the petiole, the central veins, and 
then into the net veinlets, but also by circuitous routes 
through anastamoses of the conducting pathways, The 
outflow of assimilates also takes place by the direct 
route, i.e., from the site of formation they flow into col- 
lecting cells, then to sieve tubes, Later, the assimilates 
flow into the phloem section of the conducting system of 
small and large veins, the main vein, the leaf petiole, 
and then into the stem, From these considerations it fol- 
lows that in case of damage to the leaf blade the assimi- 
late in the veins in the damaged part of the blade should 
not move, Interference with the outflow of assimilates 
usually leads to a disruption in metabolism and later to 
death of the tissue, 

In practice, we frequently observe that when the 
leaf veins are damaged by wind, phytoparasites, etc,, the 
leaf blade tissue usually still functions normally during 
the life of the leaf. Consequently, in many plants, we 
artifically damaged leaf blades by severing veins. The 
leaf blade, in these cases, was, in external appearance, 
no different from the remainder of the blade. This 
aroused doubt as to the correctness of the assertion that 
assimilates flow only by direct routes, 

We decided to use labeled atoms (C"*) to trace the 
outflow of assimilates from isolated parts of the leaf aft- 
er first blocking the path by severing the first-order 
veins, In this way we blocked movement along the pri- 
mary pathway not only of assimilates, but of the water 
and the products of root activities, as well. 

Soybean plants (variety Primorskaya 529) were used 
under field conditions, The leaves were left on the 
plants, In some leaves, the veins were severed at the 
base; in others,at the upper end, Cuts were made on one 
or both sides of the central vein of the leaf. In addition, 
during the administration of C’*0, as a gas curtain, 
leaves were partly covered with a strip of black paper. 
This was done so that photosynthesis was prevented in the 
darkened part of the leaf blade,and any movement of 
assimilates into it from the illuminated part of the leaf 
blade would be easily detected. 


The veins were cut with a razor;immediately after, 
the leaf was placed in a chamber where it was fed C'0,, 
After the leaf was fed, the dark strips were removed, 
Fully mature leaves were used, where the growth process was 
either fully or nearly complete, In young, newly formed 
leaves, the tissue at the cut withered away in the cham- 
ber; thus, none of these leaves could be used in the ex- 
periment, The feeding experiments were carried up to 
flowering, and into the period of general flowering and 
legume formation, 

The leaves were placed in a plastic chamber and 
subjected to a current of CO, for 10-15 min, The CO, 
concentration in the chamber was about 1% with 8-12 uC 
of C'/g of COy. A leaf disc 15 mm in diameter was 
used for determining radioactivity. 

Experiment 1, Soybean plants were fed C'*O, when 
flowering began on June 24, Leaf disc samples were 
taken four hours and three days after application of CO,. 

The experimental plants had seven leaves on the 
main stem, The third leaf from the top was fed CQ,. 

The data on radioactivity at various loci on the leaf 
blade are shown in Fig. 1. 











Fig. 1, Radioactivity of soybean leaf 
(counts/min on surface of leaf disc) 

on day C“4O, was fed to plant. Disc 

No, 1) 885; 2) 885; 3) 1135; 4) [no data 
given in original - Publisher.] 5) 354, 
Three days after feeding: Disc No. 1) 
187; 2) 527; 3) 188; 4) 148; 5) 334, 


* Student E, Ya. Kostetskii of the Far East State Univer- 
sity assisted in this work. 








The data in Fig. 1 show the following. In leaflet 
(a), in which part of the leaf blade (2) was separated 
from the right side of the main vein, the assimilates in 
the separated portion decreased 40% in three days. In 
the unseparated blade (1) assimilates decreased 79%. In 
leaflet (b), that part separated (3) from the main vein 
(the sample was taken where the veins were not severed), 
the assimilates during the same period decreased 84%, 
and in the undetached part (4) of the leaf blade, 86%. In 
leaflet (c), in which the main vein was severed, the as- 
similate outflow (5) was only 6%, These data indicate 
that when the primary pathway for movement of assimi- 
lates is damaged, the assimilates remain where they are 
formed, and they either do not move out during the ini- 
tial days after damage or else move very slowly. When 
the veins are severed, turgor of the leaf tissues does not 
decrease; consequently, the water reaches this part of 
the leaf in necessary amounts by a circuitous route. 

Experiment 2, Soybean plants on the day of the ex- 
periment, July 30, had seven leaves, Radioactive carbon 
dioxide was applied to leaves at the sixth node. Two 
leaflets, (a) and (b) (Fig. 2) were partly darkened with 
narrow strips of black paper during the feeding of cio,. 
Leaf disc samples were taken after 24 hours on July 31. 

The data obtained are depicted in Figure 2, In this 
experiment, just as in experiment 1, we see that the as- 
similates decrease several times slower in leaf blades 
separated from the main vein than in blades not sep- 
arated from the main vein, The radioactivity data from 
the darkened parts of leaflets (a) and (b) show that the 
photosynthesis products practically are not translocated 
through the leaf either up or down, a fact which we have 
already noted [1]. The turgor of the leaves remained 
normal, 

Experiment 3, Leaves of soybean were fed CO, at 
the time of full anthesis,on August 5. Leaf disc samples 
were taken on August 6. The plants had 11 leaves and 
the leaf at the seventh node on the main stem was fed 


CMo,. 





Fig. 2. Radioactivity of soybean leaf 
(counts/min on surface of leaf disc). 
Disc No. 1) 92; 2) 235; 3) 2; 4) 22; 

5) 52; 6) 382; 7) 62; 8) 400; 9) 58; 

10) 10; 11) 81; 12) 234; 13) 8; 14) 175. 


Radioactivity was noted in the young leaves of nodes 
10 and 11 of the main stem and in the apical leaves of 
all form branches, This indicates that assimilates from 
the experimental leaves were reaching the young devel- 
oping leaves. 

Leaf veins of the first order were separated from the 
main vein of the leaf blade just as in experiment 2, Leaf- 
lets (a) and (b) were partly darkened with strips of black 
paper. Figure 3 shows the leaf radioactivity data. 

The data in Fig. 3 are analogous to that of Fig. 2. The 
flow of assimilates is retarded in those parts of the leaf 
blade where the first-order veins were severed from the 
main vein of the leaf. In those parts of the leaf blade 
where the lateral veins were not separated from the main 
vein, the outflow of assimilates was rapid. Turgor of all 
parts of the leaf blades both with and without severed 
leaf veins remained equally normal. 

Experiment 4, In this experiment, the leaf blade 
was separated from the main vein of the leaf on two sides, 
In all three leaflets of one plant (Fig. 4) the leaf blade 





Fig. 3. Radioactivity of soybean leaf 
blades (counts/min on surface of leaf 
disc). Disc No. 1) 191; 2) 307; 3) 19; 
4) 18; 5) 191; 6) 190; 7) 354; 8) 229; 
9) 735; 10) 197; 11)147; 12) 11; 
13) 156; 14) 170; 15) 9; 16) 311. 








Fig. 4. Radioactivity of soybean leaf 
blades (counts/min on surface of leaf 
disc). Disc No. 1) 276; 2) 215; 3) 19; 
4) 36; 5) 893; 6) 950; 7) 168; 8) 59; 
9) 740; 10) 285; 11) 0; 12) 859; 

13) 1092; 14) 0; 15) 169; 16) 1000; 
17) 23; 18) 153. 
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TABLE 1. Radioactivity of Leaf Blades 
at Various Times (counts per min. on 
surface of leaf discs, d = 15 mm) 











Location Sampling date |Percent 
on leaf assimilates 
(see Aug.5| Aug. 13/in leaf on 
Fig. 6) August 13 
4 277 405 37.9 
2 | 352 190 53.9 
3 137 240 4175.2 
4 379 93 27.2 
5 | 247 114 46.1 
6 114 143 128.8 
7 271 156 57.5 
8 247 227 91.9 











was severed from the base of the blade toward the apex. 
In another plant (Fig, 5) the blades were cut from the 
acropetal end toward the base, Both plants had aboutnine 
leaves on the main stem, The sixth leaf from the first 
plant and the fifth leaf of the second plant were exposed 
to CMO,, Just as in the three preceeding experiments, the 
veins were severed prior to exposure to cio0,. A portion 
of the leaf blade in both plants was darkened with black 
paper. The plants were exposed to C0, on July 30, and 
the leaf discs were taken two day later, 

The data on the radioactivity of different parts of 
the leaf blades (Figs. 4 and 5) shows that the leaf assimi- 
lates are not cross translocated. The flow of assimilates 
from one part of the leaf to another takes place only by 
way of those veins which ramify in that part of the leaf. 
When the large veins which are joined to the main vein 
of the leaf are severed, the area served by these severed 
veins retains the assimilates and their efflux through oth- 
er associated veins does not occur, The turgor of all leaf 
blades with severed veins remains undiminished, 

Experiment 5. None of the three leaflets of the leaf 
at the eighth node of the soybean were partly severed 
from the main vein, but only the large veins were severed, 
as shown in Fig. 6, prior to exposure to co,. The plants 





Fig. 5. Radioactivity of soybean leaf 
blades (counts/min on surface of leaf 
disc), Disc No. 1) 260; 2) 603; 3) 4; 

4) 14; 5) 115; 6) 143; 7) 552; 8) 17; 

9) 115; 10) 210; 11) 1; 12) 91; 13) 106; 
14) 9; 15) 450; 16) 120; 17) 12; 18) 220. 





Fig. 6. Radioactivity of soybean leaf 
blades (counts/min on surface of leaf 
disc). See Table 1, 


had two leaves on the main stem, The leaves were ex- 
posed to the radioactive carbon dioxide on August 4 and 
the leaf discs were taken on August 5 and 13, 

The data are presented in Table 1. 

The data of Table 1 show that on the second day 
after feeding, the concentration of assimilates decreased 
in the leaf blade more in places where the veins were 
undamaged than where the veins were severed, just as we 
noted in the previous five experiments. 

Nine days after the leaves were exposed to C*0,, 
the picture of assimilate distribution in the leaf blades 
was the opposite of that which we observed on the second 
day after exposure to radiocarbon dioxide. It appeared 
that the concentration of assimilateswas greater where 
the veins were undamaged than where they were severed. 
These data indicate that when the primary direct route 
(veins) for the movement is damaged, the assimilates 
move out by circuitous routes, to all appearances through 
anastamoses in the conducting traces. However, the out- 
flow of assimilates over the circuitous route apparently 
does not commence immediately after the veins are dam- 
aged. 


SUMMARY 


1, The products of photosynthesis are not circulated 
between isolated parts of a leaf blade with undamaged 
veins or even between cells of the assimilating tissue, 
The exit of assimilates from the mesophyll cells takes 
place only along the veins of the conducting system 
which abut the cells of the assimilatory tissue, 

2, Each large or small leaf vein serves a certain 
part of the leaf blade from which assimilates are col- 
lected in a manner similar to the way in which water is 
collected from a basin by streams or rivers, 

3. Water flows in the leaf cells not only by the di- 
rect route along the xylem strands serving a certain part 
of the leaf blade, but also through neighboring cells, 
presumably through anastomoses. 
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INTRODUCTION 


Gibberellins were detected in secretions of the fun- 
gus Gibberella fugikori Saw., which represents a sexual 
stage of Fusarium moniliforme Sheld., and for many years 
the study of gibberellins and gibberellin-like substances 
was related to the functional and excretory activities of 
this fungus,and later to the pure gibberellin preparations 
obtained from culture solutions on which it was bred [1, 
2). Over a period of many years, three gibberellins were 
obtained, purified,and chemically identified from secre- 
tions of F. moniliforme: Ay(CygH240g), Ao(CigHagO,), and 
Ag(Cy9He2 Og) or gibberellinic acid, but comparatively 
recently a pure form of gibberellin was obtained A (Cy 
Ha, O; ) with properties similar to the first three [3]. 

Lately, facts have become known indicating a wider 
. distribution of gibberellins among lower and higher plants. 
On one hand it was shown that gibberellin-like substances 
are contained in secretion of soil yeasts Torula pulcher- 
rima [4] and that secretions of some other microorganisms 
exert a stimulatory action on the growth of higher plants, 
On the other hand, gibberellin-like substances were found 
in unripe seeds and fruits of wild cucumber (Echinocystis 
macrocarpa), avocado (Persea americana), Californian 
chestnut (Aesculus californica), common kidney bean 
(Phaseolous vulgaris), peas, corn lupin, tobacco, plum, 
apricot, and almond [5,6], in seedlings of normal and 
dwarf pea varieties, in pea seeds and runner bean seeds 
(Phaseolus mutiflorus) [7,9], in young rape racemes [10], 
and finally in unripe apple seeds [11]. 

In detecting the gibberellin-like substances, these 
authors used biological methods by which the compara- 
tive effects of gibberellins and extracts or diffusates on 
the growth of wheat leaf sections [7], oats [11], corn 
dwarf mutations [12],and dwarf form of peas [13] were 
tested. In further experiments the effect on plant flower- 
ing of gibberellin-like substances isolated from higher 
plants was also tested — the effect of substances isolated 
from the endosperm of wild cucumber (Echinocystic miro- 
carpa). Seedlings of biannual henbane (Hyoscyamus niger) 
flowered in the absence of low temperature, and plants of 
a long-day species Samolus parviflorus on a short-day 


























environment [14], while under effects of substances iso- 
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lated from unripe seeds of common beans (Phaseolus vul - 
garis) and bryophyllum plants (Bryophyllum crenatum) 
flowered in short-day environments [15]; the control 
plants remained in the vegetative growth stage. 

All these investigations showed that gibberellin-like 
substances are contained in various organs of higher plants 
and are similar in their physiological activity to gibber- 
ellins found in secretions of the fusarium fungus, In later 
studies the presence of gibberellin A, had already been 
established in runner bean and common bean seeds [16, 
17] and in fatty shoots of citrus [18], also a new gibber- 
ellin Ag was found in runner bean seeds [19]. 

The wide distribution of gibberellins and gibberellin- 
like substances in higher plants was most important in 
understanding the role of gibberellins in the processes of 
higher plants’ flowering as it was conceived by the first 
author [20,21]. According to this theory, the flowering 
of all plants depends on the formation in the leaves of a 
flowering hormone complex — phlorigen, the composition 
of which includes two groups of substances: gibberellins, 
necessary for the formation and growth of stems, and sub- 
stances necessary for flower formation, tentatively called 
anthesins, Both groups of substances are present in long- 
day species on a long day, in short-day species on a short 
day, in neutral species on both a long and short day en- 
vironments under which the respective species readily 
flower. Failure to flower in long-day species on a short 
day occurs because of gibberellin deficiency, while fail - 
ure to flower in short-day species on a long day occurs 
because of anthesin deficiency. 

In order to substantiate this theory further, it was 
important to solve three problems: 1) the appeerance of 
gibberellin-like substances in leaves of higher plants, 2) 
the determination of relative content of these substances 
in leaves of long-day and short-day species on a long and 
short day, and 3) the flowering induction of long-day spe- 
cies in short-day environments by gibberellin-like sub- 
stances extracted from leaves of other species, particular- 
ly from leaves of short-day species cultivated on a long day. 





METHODS AND EXPERIMENT AL CONDITIONS 
Two experiments were conducted to solve the given 
problems, The first experiment was conducted during 
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winter and spring in a hothouse of the Institute of Plant 
Physiology, Academy ofSciences of the USSR from De- 
cember 9, 1958 to April 4, 1959 and the second experi- 
ment was conducted during the summer in a greenhouse 
from July 20\to October 20, 1959. 

Gibberellin-like substances were extracted from 
leaves of the following plants: long-day species — rud- 
beckia (Rudbeckia bicolor), Silvestris tobacco (Nicotiana 
silvestria), summer rape (Brassica napus V. oleifera): the 
short-day species — red leaf perilla (Perilla nankinensis) 
and Mamont tobacco (Nicotiana tabacum), In the winter 
experiment rudbeckia, redleaf perilla, and Mamont to- 
bacco were used; in the summer experiment all the plants 
were used, 

The plants were cultivated in environments of a long 
(L) and short (S) day; the long day consisted of the nat- 
ural day to which additional incandescent electric light 
was added in winter and spring; the short 9-hour day was 
created in the hothouse by using a cloth chamber imper- 
vious to light, and in the greenhouse by rolling the plants 
on a wagon into a dark photoperiodic pavilion. After the 
beginning of bud and flower formation on a favorable day- 
length, leaf samples were taken for extraction from plants 
placed in differing light conditions. Leaves for sampling 
were cut from the middle tiers systematically during the 
whole period of experimentation. In the winter experi- 
ment samples were taken from plants sown in spring and 
cultivated during the growing season of 1958; in the sum- 
mer experiment — from plants sown in the spring and cul- 
tivated during the growing season of 1959. 

The extraction of substances was conducted as fol- 
lows: a 20 g batch of fresh leaves (in the winter experi- 
ment) or a 30 g batch (in the summer experiment) were 
killed by alcohol vapors, placed between sheets of filter 
paper and squeezed by a hand press; for speedier drying 
of the paper a FEN blower was used; for a more complete 
extraction of substances, the pressed leaf mass was satu- 
rated with acetone and squeezed for a second time in a 
press between other sheets of filter paper. Then the dried 
filter paper sheets were cut into pieces, placed in a col- 
umn and washed with benzene until colorless after filtra- 
tion, to remove lipoids; after washing and drying until 
the odor of benzene disappears, the pieces of filter paper 
were again placed in the column and washed drop by drop 
with acetone into an evaporating dish. The acetone was 
then evaporated and the dry residue was dissolved in 4 
ml of distilled water. 

The presence of gibberellin-like substances was first 
determined in the obtained extracts by the corn growth 
reaction [22]. This determination showed that there were 
gibberellin-like substances stimulating the growth of corn 
leaves in all the tested extracts, . 

The principal tests of the gibberellin-like substance 
activity of leaf extracts were conducted on rudbeckia 
plants [23]. Large rosette rudbeckia plants placed ona 
short 9-hour day were used for both experiments, The 
plants were treated by the drop method: one drop of the 

















tested extract, or gibberellin, or water was applied daily 
on the rosette center and later on the stem summit of 
each plant. Gibberellin was used in concentrations of 
0.02% in the winter experiment and of 0.005% in the 
summer experiment. 


The experiments were conducted according to this 
plan with all species: 1) gibberellin; 2) extract from 
plant leaves on a long day; 3) extract from plant leaves 
on a short day; 4) control - water. Each experimental 
sample consisted of four plants. During the entire experi- 
ment rudbeckia plants were in environments of a short 
9-hour day. Treatment of plants by extracts lasted 90 
days in the winter experiment (from December 9, 1958 
to March 8, 1959), and in the second summer experiment 
50 days (from July 20 to September 10, 1959), 


RESULTS 

In the first experiments, conducted during winter 
and spring in less favorable environments than the second 
experiment,which was carried out during summer in the 
greenhouse, the rudbeckia plants developed more slow- 
ly despite the additional electric illumination than in 
the summer growth period. Therefore the plant's reac- 
tion to the activity of studied extracts in the winter ex- 
periments was weaker than insummer, Moreover, the 
extracts used in the winter experiment were weaker since 
the batch of initial material was smaller than in the sum- 
mer experiment. However, both experiments showed sim- 
ilar results, 


As usual, a quick reaction in the winter experiment 
was shown by plants treated with gibberellin: after 13 
days the plants formed shoots, then grew high stems and 
began to bud and flower. The control plants remained in 
rosette stage up to the end of the experiment. A differ- 
ent picture was presented by the experimental plants, as 
seen from Table 1. 


As a result of treatment by leaf extracts of rudbeckia, 
Mamont tobacco, and perilla cultivated on a long day, 
all the plants formed shoots, but only individual speci- 
mens formed buds and flowers, and only specimens treat - 
ed by extracts from rudbeckia and Mamont tobacco 
leaves reached the flowering stage. In variants treated by 
extracts from leaf plants cultivated on short-day shoots, 
flowers and buds were produced by one plant and at a 
much slower tempo, while in the perilla, variant plants 
remained in the stage of shoots (Figs. 1 and 2), 


Table 1 shows that all the tested extracts contain 
gibberellin-like substances and that an irregularity of 
reaction is observed by rudbeckia plants being treated by 
their extracts: in each variant one or two plants reacted 
most powerfully to the treatment, It was found that just 
these plants differed by somewhat larger rosette dimen- 
sions at the beginning of the experiment, from which 
it can be deduced that the most effective action of ex- 
tracts was manifested on plants characterized by a high 
growth intensity [24]. 
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TABLE 1. Effect of Gibberellin-like Substances from Plant Leaves on Rudbeckia Growth and Flowering 
(Winter experiment, 1958-1959) 




























* Data for one plant. 

















Day Shoots | Bud * Stem growth*in cm on April 4 
Mabie: |... foe heiahe thickness 
Gibberellin 0.02% - Dec. 22 | Feb. 16 | Mar, 5° 101 0,7 
Bxtract from rudbeckia | 1 | Dec. 23] Mar. 10°] Apr, 10° 9 1.8 
leaves 
° S | Dec. 2™ Mar. 12*] May 4° 2 1.8 
Extract from Mamont 
tobacco leaves L Jan. 6 | Feb, 12 | Mar. 8* 48 1,7 
Apr. 30 
5 s Jan, 20°} Mar, 7* | Mar, 26¢ 30 2,0 
Extract from perilla 
leaves L Jan, 6 | Apr, 12 - a 1.6 
S Dec, 31% = - 2 pO 
Control, water — = ad = Rosette 





TABLE 2, Effect of Gibberellin-like Substances from Plant Leaves on Rudbeckia Growth and Development 
(Summer experiment of 1959) 
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*Data for one plant. 
** Data for two plants. 














In the summer experiment the reaction of rudbeckia 
plants to extract activity was much more regular and 
distinct, as seen from Table 2, 

All the plants speedily produced shoots, buds and 
flowers when gibberellin was used; all control plants re- 
mained in the rosette stage until the end of the experiments. 





vane Stem growth in | Raw weight of one 
Experimental variants per, , | Shoots | Budding Flowering cm on Oct, 10 | Plant in g on Oct. 20 
height | thickness 
Gibberellin 0.005% Sis July 27 | Aug. 17 Aug. 29 | 148 1,2 149 
Rudbeckia leaf : 
extract L Aug. 4 | Sept. 4 Oct. 10*| 28 2.1 213 
= S Sept, 10) — - a 1.9 170 
Silvestris tobacco 
leaf extract L Aug, 3 Aug. 20 Sept. 17] 35 2.1 210 
: Ss me ~ = Rosette 187 
Summer rape leaf 
extract L Aug. 16] Aug. 25 Sept. 15] 39 2.5 179 
. S Aug. 18| Sept, 3 Oct, 7** 9 2.1 142 
Mamont tobacco 
leaf extract L Aug. 2 | Aug. 13 Sept, 4 71 1.8 223 
" S Aug. 4 | Aug. 28**| Sept. 20) 17 2.5 202 
Perilla leaf 
extract L Sept. 6 - - 2 2,0 189 
vg S - o> at Rosette 178 
Control, water = = Ps = Rosette 119 








All plants treated by extracts from rudbeckia, Silves- 
tris tobacco, summer rape and Mamont tobacco leaves, 
placed on a long day formed shoots, buds and flowers, 
although in the case of rudbeckia only one plant flowered; 
in the variant with perilla extract, plants remained in the 
stage of shoots. When plants were treated by extracts 
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Fig. 1. Effect of rudbeckia leaves extract on growth and flowering 
of rudbeckia, 1) Extract from plant leaves on a long day; 2) ex- 





tract from plant leaves on a short day; 3) control, water (photo 


April 23, 1959) 





Fig. 2, Effect of Mamont tobacco leaf extracts \° 


on growth and flowering of rudbeckia, 1) extract 
from plant leaves on a long day; 2) extract from 
plant leaves on a short day; 3) control, water 


(photo April 23, 1959) 


from rudbeckia, summer rape and Mamont tobacco 
leaves placed on a short day, all the plants produced 
shoots, but buds and flowers appeared only in variants 
with extracts from summer rape and Mamont tobacco; 
plants treated by extracts from Silvestris tobacco and 
perilla leaves on a short day did not produce shoots (Fig. 
3 and 4), 

Results obtained in the summer experiment indicate 
even to a greater degree that leaf extracts of different 
higher plants contain gibberellin-like substances which 
produce an effect on the growth and flowering of rud- 
beckia rosette plants in short-day environments, There- 
fore, turning to the problems stated at the beginning of 
this article, it can be assumed that the first problem, the 
existence of gibberllin-like substances in leaves of high- 
er plants is decidedly solved. 

The second problem of determining the relative con- 
tent of gibberellin-like substances in leaves of short-day 
and long-day species on a short and long day also reaches 
a known solution, In the experiment with wheat sprouts 
as well as in both experiments with rudbeckia rosettes, 
the content of gibberellin-like substances in extracts 


from plant leaves of long-day as well as short-day spe- 
cies is always higher on a long day than in leaf extracts 
on a short day. 

Considering the third problem, the possibility of 
inducing flowering of long-day species in environments 
of a short day with help from gibberellin-like substances 
extracted from leaves of other species, and particularly 
from leaves of short-day species on a long day, it can be 
assumed that results obtained from the experiments also 
yield a positive response, If extracts are taken for com- 
parison from leaves of two tobacco species — the long- 
day Silvestris and the short-day Mamont, then the fol- 
lowing picture is obtained (Fig. 5 and 6). 

As seen from Fig, 5, the stem growth and flowering 
of rudbeckia came as a result of the effect of the Silves- 
tris tobacco leaf extract which was flowering and culti- 
vated on a long day. It could be assumed that in this 
case the flowering of rudbeckia occured at the expense 
of those substances which form only in leaves of a flow- 
ering plant, Such an assumption could be supported by 
many facts obtained in experiments with graftings and 
indicating the possibility of flowering by vegetating 








Fig. 3, Effect of extracts from Sil- 
vestris tobacco leaves on rudbeckia 
growth and flowering. 1) gibberellin 
preparation (0.01%); 2) extract from 
plant leaves on a long day; 3) extract 
from plant leaves on a short day; 4) 
control, water (photo September 18, 
1959) 





Fig. 4. Effect of extracts from Mamont 
tobacco leaves on rudbeckia growth and 
flowering. 1) Gibberellin preparation 
(0.01%); 2) extract from plant leaves 
on a long day; 3) extract from plant 
leaves on a short day; 4) control, water 
(photo September 18, 1959) 








plants at the expense of substances which form only in 
leaves of a flowering plant on which they were grafted 
[25-26]. 

However, the comparison in Fig. 6 clearly indicates 
that such an assumption would be incorrect since in this 
case the stem growth and flowering of rudbeckia takes 
place by the effect of extracts obtained from leaves of 
short-day Mamont tobacco placed in environments of a 
long day and remaining in a vegetative state. 

Thus, the deduction should be made that the stem 
growth and flowering of rudbeckia came at the expense 
of gibberellin-like substances present in extracts of Ma- 
mont tobacco leaves on a long day and at the expense 
of anthesins present in rudbeckia leaves on a short day. 

DISCUSSION 

The detection of gibberellin-like substances in this 
work was performed by extracting substances with ace- 
tone and direct tests of their activity on plants without 
chromatography and separation of individual fractions of 
active substances, as had been done by the majority of 
authors cited above [5-11, 16-19]. The absence of chro- 
matographic data in this work, of course, does not per- 
mit any conjecture as to what degree the found gibber- 
ellin-like substances contain gibberellins or are close 
to them in their adsorption properties, and what the com- 
position is of these gibberellin-like substances, as judged 
by the histograms. However, the specific reaction of 
rudbeckia stem growth and rosette flowering in short- 
day environments, which is manifested only on gibber- 
ellin activity, and which does not appear on activity of 
auxins and vitamins (23, 27], affords a complete basis 
for stating the presence of gibberellin-like substances in 
the obtained extracts, even though in combination with 
many other compounds extracted by acetone. There is 
no doubt that the next problem in this direction is a de- 
tailed chromatographic study of individual components 
of gibberellin-like substances extracted from leaves and 
other green organs, and an approach to their chemical 
identification, 

Very recently there were attempts to study the pre- 
sence of gibberellin-like substances in leaves of higher 
plants and changes in their composition related to photo- 
periodism and the transition of plants from vegetative 
growth to the formation of buds and flowers. 

In Harada and Nitsch [28] experiments with rud- 
beckia (Rudbeckia speciosa) and two chrysanthemum va- 
rieties (Chrysanthemum morifolium) and in Lang [29] 
experiments with annual henbane (Hyoscyomus niger), 
extracts were taken from leaves of vegetating and in- 
duced plants and were studied chromatographically and 
biologically — the reaction was added growth of oat leaves 
and dwarf mutants of corn. The authors came to a com- 
mon conclusion that,on induction of plants to flowering, 
changes occur in the composition of gibberellin-like 
substances of their leaves. 

Most probably changes occur in the composition of 
gibberellin-like substances when plants are induced to 
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Fig. 5. Rudbeckia flowering in short day environments 
effected by plant leaf extracts from long-day Silves- 
tris tobacco cultivated on a long day. 1) Silvestris to- 
bacco plant from leaves of which the extract was taken; 
2) rudbeckia plant treated by the extract; 3) control 
rudbeckia plant (photo September 18, 1959) 


1 oe Pig 

Fig. 6. Rudbeckia flowering in short- 
day environments effected by extracts 
from plant leaves of short-day Mamont 
tobacco cultivated on a long day. 

1) Mamont tobacco plant from the 
leaves of which the extract was taken; 
2) rudbeckia plant which was treated 
by this extract; 3) rudbeckia control 
plant (photo September 18, 1959) 


flower by long and short photoperiods, as the data show 
[28,29]. However, as the experiments described here 
show, the changes in the total amount of gibberellin- 
like substances and their activity in plant leaves are 

not related to the transition of plants to flowering but di- 
rectly to the effect of a long day. 

It should also be remembered that the content of 
native auxins in leaves and stem teps of all plants, ir- 
respective of their photoperiodic reaction, is always lar- 
ger on a long day than onashortone[30]. And insofar as 


a close interrelation between auxins and gibberellins 
exists [8,27,31,33] it seems very probable that the greater 
the content of auxins on a long day, the content of gibber- 
ellins and gibberellin-like substances is correspondingly 
greater, and this determines the greater growth intensity 
of plants in long day environments. 

In connection with the discovery of gibberellins and 
gibberellin-like substances the question arises of their 
role in the process of plant flowering. As indicated by 
the data of numerous authors [1,2,20,21,23] there is no 
doubt that gibberellins are important to most long-day 
species, Results depicted in this experimental study in- 
dicate that gibberellin-like substances extracted from 
leaves of vegetating and flowering plants also cause 
flowering of long-day species in environments of a short 
day, and confirm the assumption that in these environ- 
ments the long-day species show a gibberellin deficiency 
while substances necessary for flower formation tenta- 
tively called anthesins are present, 


SUMMARY 

Gibberellin-like substances have been detected in 
the leaves of long-day plants such as rudbeckia (Rud- 
beckia bicolor), tobacco (Nicotiana silvestris) and rape 
(Brassica napus v. oleifera),as well as in short day plants 
Perilla nankinensis and Nicotiana tabacum, The sub- 
stances were detected by extraction with acetone and a 
subsequent test of their action by observing the specific 
reaction on stem growth and flowering of rudbeckia un- 
der short day conditions, The results obtained, as well 
as those of other authors who found gibberellins and 
gibberellin-like substances in seeds and fruits, shoots 
and seedlings, inflorescences, and leaves, indicate that 
these substances are widely distributed in the tissues and 
organs of higher plants, 

The total amount of gibberellin-like substances in 
plants depends on the day length. Irrespective of the 
nature of the photoperiodic reaction, it was found to be 
higher under long-day than under short-dayconditions in 
all plants studied. These changes in the content of gib- 
berellin-like substances concur with the previously dis- 
covered changes in the auxin content and with the cu- 
hancement of plant growth with increase of day length. 
Transition of the plants from vegetative growth to flow- 
ering does not involve a change in the content of gib- 
berellin-like substances. 











Gibberellin-like substances encountered in the 
leaves of higher plants affect stem growth and flowering 
in rudbeckia in exactly the same way as do pure gibber- 
ellin preparations. Stem growth and flowering of the 
vegetating rosettes of the long-day rudbeckia plant 
under short-day conditions induced by leaf extracts from 
the short-day plant Nicotiana tabacum which grew and 
vegetated under long-day conditions seem to be of 
special importance. This confirms the suggestion pre- 
viously made that flowering of plants commences in 
the presence of two groups of substances in the leaves, 
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viz. gibberellins (in the tobacco extract) and substances 
influencing flower formation and tentatively called 
anthesins (in the rudbeckia tissues). 
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In plants, the processes of growth and development 
are realized under conditions of continuous interrelation- 
ship of the separate organs, This is usually defined as 
correlation. Michurin [1] showed in his studies that cor- 
relations are inherited, and he made use of them in the 
creation of new types of fruit. 

The extensive literature of recent years on the sub- 
ject of unity is mainly related to animal organisms, 
while summarizing data relating to unity in a plant or- 
ganism were almost entirely lacking. The problem of 
unity in a plant organism in the process of growth and 
development during ontogenesis was integrated, in the 
light of contemporary data, in the recent publications of 
Chailakhyan [2,3]. The author points out that the inter- 
relationship of organs in plants is particularly sharply de- 
fined during their transition from vegetative growth to 
generative development. 

While a plant organism represents a united whole, 
separate parts of it possessa distinctly expressed capacity 
for independent existence, even after their separation 
from the mother plant, Unlike animals, every organ or 
part of a plant is capable,under certain conditions, of de- 
veloping into an independent organism when separated 
from the whole mother plant, For instance, twigs, roots, 
or leaves, when separated from the mother plant, are cap- 
able of becoming independent organisms, This property 
of the plant is made use of in cuttings. 

The separated part of a plant is also subject to cor- 
relative influences, Thus, for instance, root formation 
in a stem cutting depends on the existing ratio of buds 
and leaves, as well as on the character of the relation- 
ship between the upper and lower portions of the cuttings. 
There are indications in the literature that leaves and 
buds play an important part in the formation of roots in 
cuttings, Thus, Went [4] and Molish [5] made the obser- 
vation that in some woody cuttings deprived of buds, the 
root formation proceeds either weakly, or not at all, Van 
der Lek [6], in his work with cuttings of various plants, 
and Loeb [7],in experiments with stem cuttings of Bryo- 
phyllum, came to the conclusion that the presence of 
leaves and buds facilitates the formation of roots in cut- 


tings, A close relationship between root formation and 
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the presence of leaves and buds was shown in the experi - 
ments of Zimmerman and Hitchcock [8], Mirimanyan [9], 
and Buzinova [10], Ivanov [11] points out the close inter- 
dependence of leaves and roots, and grants the existence 
of a mechanism linking the activity of the roots to the 
oxidation-reduction regimen of the leaves, Kruzhilin 
and Shvedskaya [12] showed also that the formation and 
growth of the root system and the differentiation of ver- 
nalized buds in beet, carrot, and cabbage takes place 
only in the presence of leaves, 

The role of leaves in root formation of cuttings was 
demonstrated by Overbeek and Gregory [13] in an origi- 
nal way. They used two types of roses, a red, the cuttings 
of which take root only when treated with a growth-stimu- 
lator, and a white, incapable of propagation by cuttings 
even with the application of a growth-stimulant. By 
grafting the red rose onto the white, they obtained root- 
ing of the latter, while the removal of the leaves from 
the graft deprived the white rose cutting of this rooting 
ability. Evidently, there took place a flow of some sub- 
stances from the leaves of the graft into the stock, which 
caused its twigs to take root. 

It should be pointed out that leaves are not obliga- 
tory for all cuttings, depending upon physiological con- 
dition. Woody cuttings, rich in nutritive substances, do 
not need the leaves, On the other hand, green cuttings, 
which are poor in nutritive substances, require leaves for 
assimilation; but a large number of leaves on a cutting 
causes extensive transpiration, which may cause the cut- 
tings to dry out before any roots are formed. 

The objective of our present investigation consisted 
of finding out the optimal number of leaves to be left 
on a cutting for optimal root formation, as well as the 
effect of the ratio stem-buds-leaves on the regeneration 
process in stem cuttings. The rooting of all of the cut- 
tings was conducted under conditions of dispersed light 
and darkness. The specimens consisted of green cuttings 
of the Polevka cherry and the Goliath black currant. 

The experimental setup was as follows: 1) with 
leaves and buds; 2) with leaves but without buds; 3) with- 
out leaves but with buds; 4) without leaves or buds; 5) 
with one leaf; 6) with two leaves; and 7) with three leaves. 


439 











TABLE 1, The Role of Leaves in the Rooting of Polevka Cherry Cuttings 








Number of leaves | Treated Percent 
v Remarks 
in a cutting cuttings of rooted 
3 IBA 45 Roots of medium size, length 6-8 cm, 
calluses large 
Water 25 Roots small, of 3-4 cm length 
IBA 100 Roots good, of 12-15 cm length, a large 
number of supplementary roots 
Water 26 Roots small 
IBA 60 Roots of 5-6 cm length, of smaller size as 
compared with the cuttings with three 
leaves, with IBA treatment 
Water 20 Roots small 
Without leaves IBA 0 Perished 
Water 0 Perished 








One half of each group was treated with stimulators, 

All of the black currant cuttings with various num- 
bers of leaves took root within 12-18 days when exposed 
to light. Root formation was observed in cuttings with 
three leaves, followed by those with one or two leaves. 
Treatment with the potassium salt of heteroauxin ac- 
celerated the process of root formation in cuttings with 
a various number of leaves, To begin with, the cuttings 
with one leaf rooted more slowly than the others but 
gradually did take root. 

The currant cuttings, when kept in the dark, did not 
form roots even after a period of 11 days, but did not 
lose their leaves, After a total of 25-28 days in the dark, 
the cuttings lost the leaves and half of the former perish- 
ed, the remaining cuttings perishing soon thereafter in 
spite of the fact that individual cuttings had formed 
from one to two weak roots, 

The Polevka cherry is a readily rooting plant, but 
its cuttings take root considerably more slowly and with 
less ease than the black currant cuttings, After 11 days 
in a lighted hot bed, the cherry cuttings showed the 
formation of calluses, the latter being largerthan cut- 
tings treated with indolbutyric acid (IBA), as compared 
with the corresponding controls, At that time, the cut- 
tings which were kept in the dark did not form calluses 
in any of the series, and subsequently they perished. At 
the beginning of October, the cherry cuttings, which were 
kept in a lighted hot bed,were dug up, and the percent 
of rooted cuttings, as well as the character of root grow- 
th, was established (Table 1). 

The conducted experiments showed that the green 
cuttings of cherry and currant thrive best in light when 
two or even three leaves are present, providing that in 
the currant,half of the leaf blade is cut off. 

In the currant, cuttings with leaves and without buds 
take root as do cuttings with leaves and buds. As for 
cherry cuttings with three leaves and no buds, only 45% 
took root (after treatment with IBA), while the roots formed 
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slowly and in small numbers, averaging 1-3 roots per 
cutting. When dug up in October, these cuttings had 
quite young roots with smalls amounts of supplementary 
rootlets, Cuttings with two leaves and buds took root 
100% (with IBA treatment), with the formation of good 
roots up to 10 cm in length, with large calluses, and with 
a large number of old supplementary roots, The presence 
of supplementary darkened roots indicates that they were 
formed long ago (Fig. 1). 

The series without leaves, but with buds, and with- 
out leaves or buds, did not form any roots and gradually 
perished, Thus, in green cuttings, the decisive role in 
root formation is played by the leaves, 

Evidently, not all plants require, to the same degree, 
the presence of buds for root formation, This probably 
depends on the correlative connections between the moth- 
er plant and: the twig before it is cut, as well as between 
the leaves and buds on the cutting as such, For instance, 
in green cuttings of cherry, treatment with IBA does not 
substitute for the buds in respect to the process of root 
formation, But in green cuttings of the Japanese spindle 
tree, with leaves, the growth stimulating substance is a 
complete substitute for the absent buds (Table 2), The 
cuttings of the Japanese spindle tree with leaves and buds, 
as well as without buds, took root 100%, with the forma- 
tion of a well developed root bunch when treated with the 
potassium salt of heteroauxin, When treatment with a 
growth stimulator was omitted, 70% of the cuttings with 
leaves and buds took root, as against 20% without buds, 
the root system in the latter case being poorly developed. 
Perhaps, in the cuttings of the Japanese spindle tree de- 
prived of buds, the synthetic heteroauxin is able to sub- 
stitute for the natural auxin, which flows from the buds to 
the area of root formation, 


In a repeat experiment on the role of leaves, light, 
and darkness in the rooting of currant cuttings, the latter 
were not kept in the dark up to the end of the experiment. 
After 18 days, when the leaf containing cuttings in the 
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Fig. 1. Green cutting of Polevka cherry. On the left, cuttings with 
bud; on the right, without buds. 








TABLE 2, The Role of Buds in the Rooting of Stem Cuttings, with Leaves, of the Japanese Spindle Tree 
(the cuttings were planted August 2)* 


























September 4 September 19 
Experimental series Cuttings % Cuttings % 
Degree of Degree of 
with cal-jroo- iets Mestnaia with cal- | roo- soon temeh 
luses ted luses ted 
de velopment development 
Control cuttings with buds 100 _ — 30 10 +++ 
Control cuttings without buds : vr 80 20 + 
Cuttings with buds, treated with the bzp bad Lawedx ar gt gh CES 
potassium salt of heteroauxin 
Cuttings without buds, treated with the 
potassium salt of heteroauxin — {100 |+++4++4+ —_ 100] ++++4++ 




















* The experiments on the Japanese spindle tree were conducted in association with N.S, Klyushkina, 


lighted hot bed began to take root and the cuttings in the activate the process of photosynthesis in the upper end of 
darkened hot bed remained without changes, the darken- the cutting's stem. 


ing was discontinued, and the cuttings therein also took 
root without exception. All of the green cuttings deprived 
of leaves perished, irrespective of whether they were ex- 
posed to diffuse light or kept in the dark. A partial root- 
ing of 30% was observed only in those currant cuttings de- 
prived of leaves which were exposed to white luminiscent 
light, but heteroauxin here proved ineffective, Similar 
observations were made on phaseolus cuttings [14], The 
comparatively more active formation of roots in cuttings 
deprived of leaves and exposed to luminescent light may The quantitative determination of reducing sugars 
evidently be explained by the fact that these rays slightly and amino acids may also characterize, to a certain ex- 









The histochemical test for starch showed that within 
25 days following exposure to diffused light of control 
currant cuttings with leaves which have taken root, there 
was a large accumulation of starch, while in cuttings 
treated with heteroauxin, all of the starch was hydrolyzed 
due to abundant root formation. The cuttings deprived of 
leaves, as well as those with leaves but kept in the dark, 
also contained practically no starch. 
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TABLE 3. The Starch, Reducing Sugars, and Amino Acid Contents in Black Currant Cuttings, With 





and Without Leaves (The determinations were made 25 days after planting.) 











Portion of Starch content In % of raw weight 
Experimental series the cutting by iodine test reducing amino acids 
sugar 
Cuttings before planting Leaves + 0.38 0,08 
Buds +++ 0.36 0.05 
Stem ++++4 0.34 0,02 
Cuttings with leaves-controls | Leaves + 0.58 0.14 
Buds ++ 0.62 0,20 
Stem +++ 0,36 0.06 
Callus +++ 0,48 0.19 
Cuttings with leaves, treated 
with potassium salt of hetero- 
auxin Leaves _ 0,64 1,11 
Buds = 0.28 0.12 
Stem - 0.26 0.04 
Callus a 0.54 0.14 
Cuttings without leaves-con- 
trols Buds _ 0.18 0,05 
Stem + 0,24 0.03 
Cuttings without leaves, 
treated with potassium salt 
of heteroauxin Buds bur 0,14 0,02 
Stem = 0,1 0,03 








tent, the physiological condition of the cuttings which 
were exposed to diffuse light (Table 3). 

The reducing sugars and amino acids are found main- 
ly in control cuttings with leaves which have taken root, 
as is the case with starch. A high sugar and starch con- 
tent is found in the callus, the newly formed organ, This 
fact indicates a transportof nutritive substances to the site 
of root formation. Data on the amino acid contents in the 
various series are an indication that carbohydrates are the 
first to be utilized in respiration and roots formation, 


It is difficult to say why the absence of buds in green 
currant cuttings does nbt affect root formation, as in the 
cherry. The analysis of the plastic substances explains it 
only partially (Table 4), In the cherry, as can be seen 
from Table 4, the maximum amount of reducing sub- 
stances is contained in the buds, The leaf blade of the 
cherry is small, while the bud is comparatively large, 
which is the reason that in the cherry the presence of buds 
exerts an influence on the rooting process. In the currant, 
the reducing substances are distributed more evenly in all 
parts of the cutting. The leaf blade is quite large in the 
currant, while the buds are quite poorly developed, 

We also studied tne question of whether sugar, nitrogen 
and growth stimulants are capable of substituting for the 
leaves in a green cutting. For this purpose, cuttings with 
and without leaves received glucose, ammonium sulfate, 
and IBA, in various ratios, In cherry cuttings with leaves, 
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these substances enhanced the process of root formation. 
Cuttings, deprived of leaves, of the series without treat- 
ment and of the series glucose + ammonium sulfate, took 
root to an extent of 20%, and upon the addition of IBA, 
25%. But in these series the roots of the cuttings devel- 
oped feebly: In one cutting, there developed only one or 
two small roots. On the other hand, the cuttings of the 
last series with leaves took root to an extent of 85%, 
developing long roots with a large number of auxiliary 
roots, While sugar, nitrogen, and IBA, in the cuttings of 
the Polevka cherry, enhance the process of root forma- 
tion, they seem unable to substitute for the function of 
the leaves. 

Thus, the leaves and buds play an important role in 
root formation by stem cuttings. It is possible to render 
the cuttings to a certain extent more plastic and physio- 


TABLE 4. The Reducing Sugar and Amino 
Acid Content in Various Parts of Cherry and 
Currant Cuttings (in % of Raw Weight) 











gestion of Cherry Currant 
the cutting reducing ane reducing} amino 
sugars acids | sugars. | acids 
Leaves 0.76 | 0.09} 0.38 | 0.08 
Buds 1.46 | 0.06] 0.36 | 0.05 
Stem 0.42 0.03 0.34 0.02 





























logically prepared for the process of regeneration by 
means of various agents and a variation in correlative 
interdependence, 

Different results were obtained by Overbeek et al. 
[15], who showed that in a Chinese rose, arginine or sugar 
and ammonium sulfate serve as a complete substitute for 
the leaves needed for root formation, where the cuttings 
were treated with growth stimulants. 


SUMMARY 

1, The decisive role in root formation in green cut- 
tings belongs to the leaf. When exposed to diffused light, 
cuttings without leaves are unable to regenerate roots. 
Darkness inhibits root formation in green cuttings of cher- 
ry and black currant, and where weak roots are formed in 
the dark, they invariably perish from exhaustion, 

2. The dependence of root formation at the base of 
a cutting from the presence and number of leaves, and of 
their photosynthetic activity at the top of the cutting, in- 
dicates a close relationship between the upper and lower 
parts of the cutting. 

3. Green cherry cuttings with leaves, but without 
buds, take root to a much lesser degree than similar cut- 
tings with buds. In green cuttings of black currant with 
leaves, the absence of buds does not affect root formation, 
In cuttings of the Japanese spindle tree with leaves, but 
without buds, the potassium salt of heteroauxin substi- 
tutes the function of the buds in respect to root forma- 
tion, It may be assumed that in this instance the stimu- 
lator of growthreplaces the natural auxin, which flows 
from the buds to the site of root formation. 

4, The high content of sugar and starch in the callus 
of the black currant cuttings indicates a transport of nu- 


tritive substances via the cutting to the site of root forma- 
tion. 
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There is little published information on the physio 
logical and biochemical characteristics of angiosperm 
male and female gametophytes. In the main, it con- 
sists of descriptions of differences between pollen and 
pistillate tissues with respect to enzyme activity [1-3], 
oxidative metabolism [4-8], levels of nutrient reserves 
[3], pigments [9, 10, and others], vitamins (11, 12], 
growth stimulators, etc. 

Only in recent studies [3, 5, and others] has there 
been a shift from enumeration of these differences to 
elucidation of their role in fertilization (mainly in the 
progamic stage). 

It should be noted that most of the studies mentioned 
above on the physiology of fertilization in angiosperms 
were carried out with annuals; perennials have received 
very little attention in this respect. We therefore decided 
to investigate certain physicochemical and physiological 
aspects of sexual dimorphism during fertilization in the 
most widespread orchard species of the family Rosaceae, 
subfamilies Prunoideae (Cerasus vulgaris, Certsus tomen- 
tosa, Cerasus Besseyi, Prunus triflora, Armenica vulgaris, 
Persica vulgaris, Amygdalus gibridica, Prunus divaricata, 
Prunus domestica, Prunus spinosa) and Pomoideae (Malus 
domestica, Pyrus communis). 

We were interested, first, in the oxidation-reduction 
properties of the sexual elements, i, e., those properties 
which, in our view, most highly characterize sexual di- 
morphism [13], and, secondly, in the reserve nutrients 
which supply energy and support synthesis during the ap- 
proximation of the sexual elements in fertilization. 

The following physiological criteria were employed: 
1) plant lifetime acidity, pHp; 2) character of the oxidiz- 
ing properties of cells and tissues, rH,; 3) extent of the 
oxidizing-reducing (OR) potential, Eh; 4) oxidative enzyme 
(phenolase, peroxidase, catalase) activity; 5) polyphenol 
content; 6) SH content; 7) starch content; 8) sugar con- 
tent; 9) fat content. 




















The method of determining pHp and rHz with indicators 


has been described in detail previously [14, 15]. Redox 
potential (Eh) was calculated according to the formula 
Eh = 30(rH2 - 2pH) inmv [16, 17]. Benzidine, thiourea, 
and hydrogen peroxide were used in determining activities 
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of oxidative enzymes [15]. Polyphenol content was de- 
termined with an alcoholic solution of iron chloride (10% 
of saturation value); SH content was determined by heat- 
ing preparations with 3% sodium nitroprusside and a satu- 
rated alcoholic solution of zinc acetate. Starch was de- 
termined with Lugol's solution (I in KI), Fats were de- 
termined by staining sugar preparations with a saturated 
alcoholic solution of Scharlach red: 1) in conjunction with 
heating in the presence of Fehling'‘s solution and 2) in con- 


junction with heating in the presence of 10% a-naphthol and 


concentrated sulfuric acid. 


1, Acidity 
The pH, Of freshly collected pollen of Cerasus Vul- 


garis as determined with neutral red showed considerable 
variation from grain to grain, Values within the full 
range of the indicator, 5-7, were observed, and some 
grains exhibited values beyond this range, especially be- 
low 5. 


With thymol blue and bromphenol blue as indicators, 
many pollen grains manifested values of 3 or lower. It 
was also established that the exine of some of the grains 
stains a pinkish color with thymol blue, although this oc- 
curs very seldom, In general, this staining pattern indi- 
cates that the pH of the exine may be as low as 1.2. 
Some grains stained a yellowish brown with neutral red 
and a bluish color with brom thymol blue (pH ™7 or 
higher. 


A differential staining of the protoplasm and exine 
of the pollen was observed, attesting to the well known 
differences between these parts with respect topH pn. The 
exine was usually more acid than the protoplasm (stain- 
ing with thymol blue andbrom phenol blue). It was es- 
tablished, moreover, that there are local differences in 
p Hp of 1-1.5 units; parts of the pollen grain near the pores 
were more acid, Such differences were reflected both in 
color tone and in rate of staining, On the whole, thepH, 
of most of the pollen grains of C. vulgaris was between 
2.8 and 5. Approximately the same values were obtained 
for the other species studied, although the distribution of 
values within the range was naturally somewhat different 
for different species. 
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PHpy Indicators 








Indicators 





Thymol blue 
Brom phenol blue 
Methy! red 
Neutral red 


m= 0.99 


Brom cresyl purple 
Brom thymol blue 
Phenol red 

Cresyl red 
Thymol blue 


CSP oF 





rH» Indicators 


Color change Effective pH range 
Red - yellow 1,2-2.8 
Yellow - blue 3.0-4.6 
Red - yellow 4.4-6 
Crimson- yellowish - 

brown 5-7 
Yellow - purple 5.2-6.8 
Yellow - blue 6.0-7.6 
Yellow -red 6.8-8.4 
Yellow -red 7,2-8.8 
Yellow - blue 8.0-9.6 











Indicator rH, of transition from oxidized to 
reduced form 
Neutral red 4 
Janus green 5 Transition from red to colorless form 
Phenosafranin 6 
Cresyl violet 8 
Nile blue 9 
Janus green 12 Transition from blue to red form 
Methylene blue 14 
Cresyl blue 15 
Thionin (Lauth's violet) 17 
Daalia violet 18 





Staining of transverse and longitudinal sections of the 
stigma, style, and ovary of C. vulgaris revealed that they 
are finely differentiated with respect topHp. The epider- 
mis of peripheral portions of the stigma and a compara- 
tively thin layer of subepidermal cells manifestedlow pHp 
values (from 5 to 3 with neutral red, brom cresyl purple, 
brom phenol blue). The pH of the central epidermal cells 
could not be determined with neutral red, since this in- 
dicator is reduced and thereby decolorized by these cells. 
With brom cresyl purple, brom thymol blue, and phenol red, 
however, it was shown that here the pH is 6.8-7 or higher. 

The radial distribution of pH values in the style is the 
same as in the stigma, Perhaps the sole difference be- 
tween the style and stigma resides in the fact that the pe- 
tipheral zone of low pH is considerably larger in the for- 
mer case, The central tissue of the style, as of the stigma, 
has a pH from ~ 7 to > 7, 

Staining of transverse sections of the ovary revealed 
that the internal and external epidermis of the ovary and 
the ovular integuments have alow pHp(5-5.5, neutral 
ted), while the ovary parenchyma and the nucellus have 
a higher pH,, (6.8and higher, brom phenol blue and cresyl 
red), The same pH, patternswere found in other members 
of the Prunoideae. 

Of special interest from the morphological point of 
view were the compound pistils (Malus domestica, Pyrus 
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communis). The pH patterns of the stigma and the free 
portion of the style were practically the same as those 
already described for simple pistils, With respect to the 
fused portion of the style, there were five separate canals 
of high pH (6-7) through which pollen tubes would grow, 
surrounded by rings of tissue of low pHp, <5. Asin the pre~ 
vious case, the epidermis was characterized by low pHp 
(< 5). It was established in the course of the study that 
each canal, which passes to the ovary from the free por- 
tion of the style, corresponds to a separate carpel. Re- 
sults of field experiments are in agreement with this con- 
clusion [18], 
2, THy 

By staining pollen of C. vulgaris with various redox 
indicators, it was established that individual grains vary 
greatly inrH». Values obtained ranged from 8 to 18, al- 
though it was not possible to determine the true upper 
limit since no indicators with rH,>18 were available to 
us. On the whole, the pollen of C. vulgaris manifested 
relatively high values (~18 and > 18). Approximately 
the same values were obtained with the other species 
examined, although the distribution of values in a pollen 
population varied from species to species. 

The treatment of pistillate tissues of C. vulgaris and 
other species with redox indicators revealed patterns of no 
less interest than those obtained with pHp indicators. In 









order to avoid repetition of details touched on in a fair 
amount of detail in the previous section, we will merely 
state that those tissues which were characterized by high 
acidity also yielded high rH, values, while those which 
were more basic gave the lower rH, values. 

Epidermal and subepidermal cells at the periphery of 
the stigma and style, epidermal tissues of the ovary, and 
ovular integuments yielded values of 15 to 18 and higher, 
while central tissues of the stigma and style, nucellus, and 
cells of the embryo sac yielded values less than 4 (reduc- 
tion of neutral red), Pistils with fused styles exhibited rH, 
patterns similar to pH patterns, It should be noted, how- 
ever, that the decrease in rH, from the periphery to the 
center of the stigma and style was considerably more 
gradual than the decrease in pH. 

Incidentally, the gradual increase in the concentric 
zone of coloration of transverse sections of stigma and 
style which occurs as one uses indicators of gradually de- 
creasing rH, attests to the fact that we were dealing not 
with local permeability barriers (since permeability of 
cells to the stains used is about the same for all of them), 
but with local differences in oxidative potential. 

3. Redox Potential 

In view of the fact that we were unable to determine 
PHp and rH, of a given object simultaneously, we shall pre- 
sent in this section only the extreme values of Eh, which 
will serve as limiting values indicating the range of var- 
iation of this parameter. 

These values, which were obtained by calculation, 
yielded a considerably more clearcut pattern, with greater 
contrasts, than those patterns which emerged from pHp and 
tH, determinations. For pollen, the values fell between 
+ 372 and -180 mv, although there were manifestly some 
cases in which they were beyond these limits. The main 
body of the pollen, however, had values between +372 and 
+240 mv. Undoubtedly, there are very fine graduations in 
Eh of pollen between the calculated limits (Table 1). 

The local variations, within a single pollen grain, of 
PHp andrH, suggest that Eh may vary in a similar fashion. 
The pistil proved to be even more finely differentiated 
with respect to Eh. 

In Table 1 it is seen that large positive value (+360 
mv and higher) are characteristic of the peripheral epider- 
mis of the stigma and the adjacent subepidermal cells, the 
ovary epidermis, and the ovular integuments; the surface 
of the stigma, the central tissue of the style, the nucellus, 
and the cells of the embryo sac are characterized by large 
negative values (-300 mv or more), The differentiation 
of pistillate tissues of apple and pear with respect to Eh 
corresponds to pH and rH, values given above. 





4, Activity of Polyphenoi oxidase, Peroxidase, and Cata- 
lase, and Levels of Polyphenols and Sulfhydryl Groups 
Differences in oxidative properties of pollen and pis- 
tillate tissues were of course manifested in differences in 
content and activity of such physiologically active sub- 
stances as oxidative enzymes, polyphenols, which partici- 
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pate in terminal oxidation, and sulfhydryl groups, which 
are components of cellular redox systems. 


In C. vulgaris, these differences were on the whole 
parallel to differences in pH and rH». 


To a considerable degree, the activity of the various 
oxidative enzymes showed characteristic distributions from 
tissues to tissue. In C, vulgaris pollen, polyphenolase ac- 
tivity was very low (weak blue staining with benzidine), 
and in some pollen grains it was generally absent. Perox- 
idase activity was greater, with the pollen grains falling 
into three groups according to activity level: 1) high ac- 
tivity (intense blue-violet staining); 2) low activity (weak 
blue staining); 3) no activity (no staining). It should be 
noted that there are local differences in activity within 
a pollen grain, which were very clearly indicated by stain- 
ing intensities. 

In the course of the experiments it was found that 
oxidative enzymes can diffuse through the pollen wall 
and catalyze substrate oxidation in the surrounding med- 
ium. In our view, this is of theoretical significance, since 
it attests to the fact that during pollination physiologically 
active materials can easily pass from the pollen to the 
stigma. Catalase activity, which was measured according 
to the rate of formation of oxygen bubbles, proved to be 
quite high, but even here there were differences from 
grain to grain, Some grains rapidly decomposed hydro- 
gen peroxide, while others were sluggish or completely 
inactive, 


Determinations of polyphenols and sulfhydryl groups 
indicated that these compounds occur in C. vulgaris pol- 
len in comparatively small amounts. It should be noted 
that differences in individual grains were fairly well 
marked. 


The pollen of the other species studied was similar 
to that of C, vulgaris in oxidative enzyme activity and 
content of polyphenols and sulfhydryl groups. There was 
a certain degree of variation from species to species but 
it was not great. Pistillate tissues of C. vulgaris were as 
heterogeneous with respect to oxidative enzyme activity 
as to pH, rH,, and Eh. Those tissues of high acidity, high 
tH, and high positive Eh (epidermis, subepidermal cells) 
exhibited the highest enzyme activities; those with low 
acidity, low rHz, and negative Eh exhibited little or no 
activity (central tissue of the style, nucellus). 


Catalase activity of pistillate tissues was far lower 
than that of pollen, the distribution from tissue to tissue 
resembling that of polyphenol oxidase and peroxidase. In 
the pistil there were even smaller amounts of polyphenols 
and sulfhydryl groups than in the pollen, these being con- 
centrated mainly in the epidermis and subepidermis of 
the stigma and style, i.e., in those parts characterized by 
highly active oxidative enzymes and high pH, rH», and 
+Eh, Oxidative enzyme activity and polyphenol and sul- 
hydryl distribution in the pistillate tissues of the other 
species were on the whole the same as for C. vulgaris, 
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TABLE 1. pH,, rH2, and Eh of Pollen and Pistillate Tissues 





Object PH 


tHe Eh= 30(rH2 +2pH)m 





Pollen 


Main pollen mass 2, 
Minor pollen mass >7 
Pistil 
Epidermis of style, 
ovary walls 3h 


Ovular inte guments <i 


Stigma epiderinis, 
central style tissue. 
nucellus ~7 





5. Starch Content 

Staining of the pollen and pistillate tissues of C. vul- 
garis with an I- KI solution revealed great variations in 
starch content. Most of the pollen grains contained small 
amounts, and only a few had relatively large amounts, It 
was found that the starch is dispersed through the proto- 
plasm, presumably in the form of very small granules, or 
even in diffuse form, No areas of localized concentration 
were found, Differences from species to species in pollen 
starch content were quite considerable; there were large 
amounts in plum and peach and small amounts in pear 
and almond. Starch was also present in the pistil of C. 
vulgaris. It was especially abundant in the central portion 
of the style through which the pollen tubes would grow, 
being concentrated mainly in the peripheral area of this 
cylinder, in the form of elongate inclusions. There was 
very little starch in the epidermis and subepidermis of 
the stigma and style, while in the ovary walls and ovular 
integuments there were considerable amounts. The pat- 
tern of starch distribution in pistils of the other species 
examined was similar to that of C. vulgaris. 

6. Sugar Content 

The method of choice in determination of sugars was 
that employing @-naphthol and concentrated sul furic acid 
since with Fehling's solution insufficient amounts of cup- 
rous oxide were produced, and the blue- violet color which 
appeared was an expression of the biuret reaction for pro- 
tein, 

With this method, it was established that there is re- 
latively little sugar in C, vulgaris pollen, and that sugar 
levels of individual pollen grains varied within a species 
and among the different species tested, It was difficult 
to determine the extent of this variation, however, since 
during heating the pollen grains disintegrated and sugars 
diffusing into the surrounding medium produced the blue- 
violet color reaction outside the grains, 

Sugar content of C, vulgaris pistils was very high, 
and the differentiation of tissues in this respect was ex- 
tremely marked, The largest concentrations occurred in 
the peripheral cells of the stigma and style, while in the 
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central parts there were no sugars at all. The fall in sug- 
ar content from the periphery to the center was very 
gradual. Here it should be noted that sugars were concen- 
trated essentially in those parts of the style in which there 
was very little starch, and vice versa. The outer ovary 
wall was fairly rich in sugar. Passing inwards through the 
ovary parenchyma toward the ovules, the starch content 
declines gradually. The ovules contained significant 
amounts of sugar. The pattern of sugar distribution in 
pistils ofother species was substantially the same as that 
for C. vulgaris. 

1, Fat Content 

With the fat indicator Scharlach red, it was found 
that the fat content of C. vulgaris pollen was in general 
very low (traces), Some species differences were noted: 
In apricot, the fat content was relatively higher than in 
plum and almond. Within a species there was variation 
in individual grains, but because of the low fat levels 
these variations were hardly detectable. No fats were 
found in pistils of C. vulgaris or the other species exam- 
ined. 

Some Characteristics of Pollen Germination on the 
Stigma and of PollenTube Growth in Pistillate Tissues 

Since the general pattern of physiological differences 
between pollen and pistillate tissues was the same for all 
the species studied, we consider it feasible to describe 
certain features of pollen germination and pollen tube 
growth without reference to individual species. 

From the material presented it is obvious that in 
pollination the pollen grains, which have one set of pro- 
perties (high acidity, high rH,, high oxidative enzyme 
activity, large positive Eh),come to lie in contact with 
the central part of the stigma, which has quite different 
properties [low acidity (~ 7), low rH,, (< 4), low oxida- 
tive enzyme activity, large negative Eh). 

Under natural conditions, the time from completion 
of pollen maturation in the pollen sacs to pollination is 
relatively short (but sometimes days in length). During 
this period metabolic activity of the pollen must be fairly 
high, and, therefore, reserves of nutrient materials are 
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requisite for maintenance of this activity. These mate- 
rials are present in pollen grains in the form of starch, 
sugars, and, to some extent, fats, which are utilized in 
respiration. 

Upon coming in contact with the stigma surface, the 
pollen germinates. In our view, this germination process 
can hardly be regarded as a purely mechanical phenom- 
enon involving the protrusion of intine and protoplasm 
through a pore in the exine in response to an osmotic 
gradient between the pollen grain and the external en- 
vironment. It is, rather, a complex physiological process,, 
the stages of which are delicately coordinated and regu- 
lated, Even so, osmotic pressure undoubtedly plays an 
important role, 

The pollen grain contains a complex association of 
enzymes (dehydrogenases, phenolases, peroxidase, cata- 
lase, hydrolase, invertase, etc.). We have established 
that the pollen membranes are fairly permeable to phys- 
iologically active materials, particularly enzymes. It is 
natural to assume, therefore, that upon pollination a com- 
plex of enzymes catalyzing and directing conversions of 
substrates in the stigma and style passes from the pollen 
to the stigma by exosmosis. Let us also assume the re- 
verse process, that of passage of physiologically active 
materials from the stigma surface into the pollen grain 
by endosmosis. It is fully probable that these materials 
can in some measure stimulate pollen germination. 

In the early stages of germination and pollen tube 
growth, presumably, the pollen's endogenous reserves are 
utilized for energy and synthesis. (During prolonged stor- 
age, pollen viability is maintained at the expense of these 
same reserves.) This, among other things, is confirmed by 
the fact that after pollination there is a rapid conversion 
of starch to sugar, the most convenient and transportable 
form of nutrient (mediated, apparently, by amylase of the 
pollen grain). 

It is difficult to assume, however, that pollen tube 
growth to the embryo sac is supported by the endogenous 
reserves of pollen alone, since in some cases the style is 
very long. The redistribution of nutrients in the pistil af- 
ter pollination indicates that they are in a definite manner 
utilized in pollen tube growth. The limited nature of pol- 
len reserves is also demonstrated by laboratory experi- 
ments, Pollen grains can germinate in pure water, but 
tube growth is very limited and finally ceases. In a sugar 
solution, however, the tube may reach a considerable 
length. From this point of view the pistil should be re- 
garded not as a neutral matrix for tube growth, but as a 
structurally complex and physiologically active system 
which provides the pollen tube with growth substrates and 
orients its growth toward the embryo sac and the egg cell. 

The heterotrophic pollen tube soon begins to exhaust 
its endogenous reserves and grows in the direction of the 
optimum nutrient supply, i.e., through the style to the 
egg cell. 

Enzymes which diffuse from the pollen tube into the 
style tissue at the growth front catalyze substrate conver- 
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sions, such as hydrolysis of starch to sugar, in this area, 

The transfer of electrons during pollen tube growth 
in pistillate tissues proceeds without reversal in the direc- 
tion from -Eh to +Eh, i.e., from pistillate tissues to the 
pollen tube. If the growing pollen tube and the pistillate 
tussue are together regarded as a dynamic coupled redox 
system, then the normal regime for its functioning can 
only be maintained under conditions of uninterrupted pol- 
len tube growth in pistillate tissues rich in substrates for 
oxidative degradation. 

It is, of course, impossible to explain pollen tube 
growth solely in terms of differences between the pollen 
tube and the pistil with respect to nutrient levels and re- 
dox potentials; there are a number of chemotropic and 
other phenomena which unquestionably play an important 
role. This is borne out, for example, by the absence of 
normal pollen tube growth in pistillate tissues and the 
barrier role of various parts of the pistil in cases of hy- 
bridization between distantly related plants. Laboratory 
experiments on pollen germination in the presence of 
stigmas and ovaries of closely and distantly related spe- 
cies (+ and - chemotropism) also testify to this. 


SUMMARY 

Results are presented of an investigation of sexual 
dimorphism and the progamic stage of fertilization in 
the principal orchard plants of the Rosaceae, namely 
cherry, plum, apricot, peach, almond, apple, pear, etc. 
The characteristics studied were the pH, rH,, and Eh 
activities of such oxidative enzymes as catalase, peroxi- 
dase, polyphenol oxidase, and content of polyphenols, 

SH groups, energetic and reserve substances (sugars, starch, 
fats). 

In the various species investigated, the pollen is very 
diverse with respect to the characteristics enumerated 
above but as a whole is characterized by a low pH (2.8-5), 
high rH, (> 18), high oxidative enzyme activity, high Eh 
(+372-240 mv); it contains a certain amount of polyphe- 
nols, SH groups, sugars, starch, and in some cases small 
amounts of fats. The oxidative properties of the epider- 
mis of the lateral part of the stigma, the epidermis of 
the style, and the subepidermal cells strongly resemble 
those of the pollen. 

Considerable amounts of sugars, but no starch or fats, 
were found in these parts of the pistil. The surface of the 
stigma, conducting tissue of the pistil andthe embryo sac 
were characterized by a low acidity (pH = 6.8 and 7), low 
tH (< 4) and by an almost complete absence of oxidative 
enzymes, polyphenols, and SH groups. Some starch but no 
sugars or fats were detected in the conducting tissues. 

Pollination is accompanied by the passage of a com- 
plex of enzymes to the stigma from the pollen and a re- 
distribution of nutrient substances in the pistil. Further- 
more, the pollen tube and conducting tissue change into 
a coupled oxidation-reduction system and the growing 
pollen tubes utilize the nutrients of the pistil. Simulta- 
neously a complex physicochemical mechanism be- 





















comes operative, and orients the growth of the pollen 
tube toward the ovule. 

Many details of this complicated process remain ob- 
scure. However, from the foregoing it can be asserted 
that fertilization consists of a complex chain of physio- 
logical-biochemical reactions which require further in- 
vestigation. 
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The physiological ripeness of seeds, i.e., a certain 
biochemical composition and morphological structure, is 
an important condition determining seed germination. 

The ability of some unripe seeds to germinate has 
been known for a long time [1,2]. Some workers [3,4,5], 
while studying the ability of wheat seeds to germinate, 
noticed that this ability did not develop evenly but skip- 
ped. The greatest germination of wheat seeds was ob- 
served to be about 30 days after anthesis. Then, at the 
end of the waxy stage, germination decreased and reach- 
ed a normal value in the fully ripe stage. 

The inability of fresh-gathered, not fully ripe seeds 
to germinate has been related by investigators to various 
causes such as physiological, biochemical, and even to 
morphological features. However, up until now, the low 
germination rate of freshly gathered seeds has not been 
fully explained. Investigators in search of explanations 
have cited exceedingly diverse biochemical process — the 
status of the anaerobic metabolic system, the degree of 
water permeability ‘of the cell membrane, the presence of 
a high percentage of water, insufficient nutrient materials 
in the endosperm, etc [2,6,8,9,10]. 

Study of this problem in corn has been quite inade- 
quate, aside from the general indication that the germi- 
nation of freshly gathered, unripe seeds is low [2,6,8,11]. 

After evaluating the incomplete data in the litera- 
ture on this problem, we set about examining the course 
of germination of freshly gathered corn seeds during var- 
ious stages of ripening (from the beginning of the milk 
stage to full maturity), to relate seed germination to 
seed water content, and to possibly characterize the stat- 
us of certain structural materials and physiologically ac- 
tive substances in the embryo and endosperm. 


METHODS 


The experiments were conducted under field condi- 
tions with subsequent laboratory analysis of the seeds. 
Three corn varieties were used, Khar*kov 23, Voronezh 
76 and Hybrid VIR 25, sown at the following times: April 
20-23, May 13-15, and May 29-June 2. The different 
planting times were aimed to provide seeds under uni- 
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form conditions of seed formation and ripening. Cob 
samples were taken during the following eight stages of 
ripening: 1) initiation of milk stage; 2) milk stage; 3) 
end of milk stage; 4) beginning of milk-wax stage; 5) 
milk-wax stage; 6) end of milk-wax stage; 7) wax stage; 
8) fully ripe. The corn seeds were germinated by stand- 
ard methods. The germination value was calculated on 
day seven. 


EXPERIMENTAL RESULTS 

The experiments showed differences in the pattern 
of germination of corn seeds freshly gathered at different 
stages of ripening. During the two initial phases of seed 
maturity (initiation of milk and milk stages), seed germi- 
nation was not high (0-10%). At the end of the milk stage, 
germination increased to 14-24%, In the beginning of 
milk-wax stage of maturity seed germination rose sharply 
(to 38%) in all varieties and sowing dates. Similar re- 
sults were obtained during all three years of experiment. 

In the following stages of seed maturity, a decrease 
in germination (to 14-29%) was observed — milk-wax, 
end of milk-wax, wax stages. The germination of freshly 
gathered corn seeds again rose during the stage of full 
seed maturity to reach 58% in Voronezh 76, 

Experimental data for the three years is shown in 
Table 1, which demonstrates an interesting fact that we 
have observed in corn — that there are two germination 
maxima, one during the beginning of the milk-wax 
stage of development and the second at full maturity. 
The figure graphically shows the bimodality of germina - 
tion in freshly gathered corn seeds. The germination of 
corn seeds varied between years and times of planting in 
relation to meteorological conditions, decreasing in wet 
years and increasing in dry years. The conditions for 
ripening corn seed influenced the over-all percent seed 
germination, while the bimodal character of the seed 
germination behavior remained during all three of the 
experiment years. No varietal differences in this were 
observed. 

How can this bimodality which we observed in com 
seed germination be explained? 
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TABLE 1. Germination of Freshly Gathered Corn Seeds During Different Stages of Seed 
Maturity (>) (Average of three years, three varieties, and three sowing dates.) 














April 20-23 May 13-15 | May 29 - 2 
Stage of seed Seed — — a ? ——. 
maturity moisture] V-76 95 VIR-28/V-76 23 |vin-2 V-76|Kh-23 VIR-25 
Beginning milk 75—77 | 3 2 1 2 4 0 2 3 4 
69—70 | 10 7 5 7 6 8 6 | 10 5 
End milk 59—64 | 16 | 17 14 14 | 21 16 24 | 17 15 
Beginning milk-wax| 57—60| 35 | 34 3t 30 | 38 32 37 | 29 28 
Milk-wax 45—49 | 19 | 21 21 25 | 23 27 19 | 17 14 
End milk-wax 33—42 | 19 | 27 15 20 | 19 16 17 | 14 14 
Wax 32—33 | 24 | 29 17 20 | 25 20 >) Ze 12 
Mature 30--31 | 58 | 37 30 | 34 | 35 42 58 | 45 35 














The data in Table 1 show that seed germination 
fluctuates at the same time that the seed water content 
uniformly decreases. For example, the water volume in 
the seeds at the end of the milk stage (59-64%) and at 
the beginning of the milk-wax stage (56-60%) is very 
nearly the same while germination increases markedly 
from one stage to the other. Thus, no definite relation- 
ship exists between seed water content and the ability 
of the seed to germinate. Our data support the conten- 
tion ofKuleshov [9] and other workers who contend that 
there is no relation between germination and the amount 
of water in the seeds. 

The works of Bakh, Kursanov, Proskuryakov (12,13, 
14], and others, indicate that proteins, starch, and other 
storage substances in mature seeds accumulate intermit- 
tently, which explains the nonuniform uptake of nitro- 
genous and nonnitrogenous substances ,and the special 
features of conversion which these substances undergo in 
the seeds. In the process of seed ripening, the effects 
and vigor of the enzymatic processes vary. It has been 
shown that the amount of certain enzymes initially rises, 
reaches a maximum, and again falls. 


Therefore, it is of interest to try to study certain 
physiologicai indicators which characterize separate 
stages in the process of corn seed ripening, and possibly 
to uncover the reasons forthe bimodal curve of seed ger- 
mination. In the first place, we became interested in the 
reason for the rise in the germination curve during the 
stage beginning at milk-wax ripeness. In order to clarify 
this question, we used the histophysiological methods 
which have been successfully employed by Tsinger [15]. 
With these methods we attempted to characterize the 
changes in content of a number of substances which de- 
velop in the seeds, such as amino acids, nucleic acids, 
proteins, sugars, starch, fats, ascorbic acids, sulfhydryl 
groups, peroxidase, polyphenol oxidase, and cytochrome 
oxidase. The reactions were tried on slices of freshly 
gathered corn seed of two varieties, Khar'kov 23 and 
Voronezh 76. 
























In this way, certain interesting facts were uncovered 
which explain, so far as we are concerned, the reason for 
the bimodality in the germination curve. In almost all 
reactions in the stage beginning at milk- wax ripeness, 
the amount or activity of the aforementioned substances 
distinctly increases. In fact, it is during this very stage 
that the break in the curve of corn seed germination oc- 
curs,as we have found in our experiments. 

We will briefly characterize the discrete groups of 
compounds which we have investigated by means of 
histochemical techniques. 

Proteins. Development of the seeds on the parent plant 
is accompanied, particularily during the early stages, by 
a rapid protein synthesis, since proteins are essential not 
only for structure requirements but are also stored. 

Proteins have peptide links which are identified by 
the biuret reaction. The positive reaction produces an 
intense violet reaction in the scutellar, radicle, and 
epicotyl regions of seed sections. Other parts of the seed 
stain weakly. Seeds of the milk stage stain weakly. The 
most intensive color occurs in seeds in the beginning of 
the milk-wax stage of ripeness (Fig. la). Seeds in the 
milk-wax, wax, and fully ripe stages stain more weakly; 
i.e., during the latter stages of ripening, the proteins are 
subjected to a conversion which blocks identification of 
the peptide links. 

Sugars. The embryo also includes sugars, although not in 
large amounts, among nonnitrogenous storage and energy 
materials. These sugars are localized chiefly in the 
scutellum and in the form of isolated crystals at the base 
of the radicle and in the epicotyl bud of the embryo. 

Reduced sugars are detected by the Boyarkin reaction. 
When a large quantity of crystals is present, a reddish- 
brown color appears; with a small number of crystals, the 
color is yellow. In seed sections at the milk stage, a 
light brick-red color has already appeared, and the color 
reaches a maximum intensity at the milk-wax stage of 
ripeness (Fig. 1b). In a seed section at the milk-wax 
stage, a yellow tone, with a weak brick-red tint, is de- 
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Fig. 1. Reaction to (a) proteins; (b) reduced sugars; (c) starch; (d) ascorbic 
acid; (e) peroxidase; (f) sulfhydryl groups. Ripeness stages, left to right: 
milk, beginning milk-wax, milk-wax, wax, mature, Intensity of stippling 


depicts the degree of staining. 


tectable. In seeds of the wax and fully mature stages, 
the color becomes light yellow, judging by the region of 
localization, i.e., the amount of reduced sugars decreases 
as ripening proceeds. 

Starch. Nonnitrogenous storage materials are laid down 
in the form of starch in the endosperm of corn, The cen- 
tral part of the endosperm is not as loaded with storage 


materials as the peripheral zone (especially in flint corn). 
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A weak solution of iodine is reacted with starch. 
The seed sections stain a violet color. The infrequent 
isolated grains of starch in the endosperm of seeds during 
the milk stage stain weakly. As the seed matures the 
color intensity increases and attains a maximum value 
in fully mature seeds (Fig. 1c). 
Sul fhydryl Groups are typified by a high oxidation-re- 





duction lability and universal distribution in tissues. 
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Germination, % 
















Stages of ripeness 


Fig. 2. 1) Hybrid VIR 25; 2) Khar’kov 23; 3) Voronezh 76. Stages of 
ripeness: I) Beginning of milk; II) milk; III) end milk; IV) beginning 
milk-wax; V) milk-wax; VI) end milk-wax; VII) wax; VIII) fully ripe. 


They are more clearly detected during the early stages 
of ripening and are localized in the embryo, and some- 
what more weakly in the endosperm, In the embryo 
they are chiefly detected in the scutellum, radicle, and 
epicotyl bud. The sulfhydryl groups are usually local- 
ized where the nucleic acids are found. Lead acetate 
and sodium nitroprusside in the presence of sul fhydry] 
groups produce a rose color on the seed sections. 

The color is weak in seeds at the milk stage. The 
most clear reaction appears in the seeds during the be- 
ginning of the milk-wax stage. As the seed ages the 
color intensity decreases (Fig. le). 


Ascorbic acid possesses very high physiological ac- 


tivity. The amount is large in seed tissues during the 
early stages of ripening but it disappears as the seed ages 
and again appears during germination. The reaction to 
ascorbic acid is based on its reduction by silver nitrate 
which produces, in the dark, a black or brownish- gray 
precipitate. Ascorbic acid is localized in the embryo 

in the scutellum, radicle, and epicotyl bud regions and 
partly in the endosperm, 

In the milk stage, ascorbic acid is present in small 
amounts in the embryo and along the margin of the 
endosperm, The most intense color appears in the seed 
at the beginning of the milk-wax stage. The color weak: 
ens as the seed ripens (Fig. 1c). 


Peroxidase is a carrier of oxygen to oxidizable substances. 
The younger the seed, the greater the peroxidase activity. 


It is detected by its effect on benzidine hydrochloride or 
o-methoxyphenol in the presence of hydrogen peroxide. 
In the first case, a blue color appears along the conduc- 
ting traces in the embryo and in the cylinder of the rad- 
icle. In the second case, a brown color appears in the 
conducting system of the embryo. The reaction also 
appears in the endosperm. 


The color is weak in seeds during the milk stage. 
The most intense reaction is expressed in seeds at the 


beginning of the milk-wax stage of ripeness. As the seed 
ripens, the color weakens (Fig. 1d). 

We have briefly characterized the results of histo- 
chemical investigations on six groups of substances which 
have been schematically depicted in the figures presented. 
Analogous results have also been obtained on other reac- 
tions (amine acids, nucleic acids, cytochrome oxidase). 
With respect to these substances and the enzymes, an 
analogous parallel has been observed, i.e., the most in- 
tensive reactions occur during the beginning milk-wax 
stage of ripening. Although our investigations cannot 
pretend to be a complete physiological and biochemical 
characterization, they cast light upon certain intrinsic 
phenomena which have a place in the seed ripening pro- 
cess in corn. 


SUMMARY 

Observation of germination of freshly gathered corm 
seeds at eight different stages of maturity, beginning from 
the milk stage up to complete maturity, showed that the 
germination capacity curve of the seeds has two peaks. 
The first of these, which attains a value of 38%, refers 
to the beginning of the milk stage and the second, which 
reaches 58% , refers to the phase of complete maturity. 

Histochemical methods were employed in an at- 
tempt to reveai at feast some of the physiological -bio- 
chemical causes of the first peak in the germination 
curve. 

Histochemical reactions were performed for amino 
acids, nucleic acids, proteins, fats, reduced sugars, starch, 
ascorbic acid, sulfhydryl groups, peroxidase, polyphenol 
oxidase, cytochrome oxidase. The reactions indicated 
that all substances indicated above (except starch and 
fats) are most abundant at the beginning of the milk stage 
of the seeds. 
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Biosynthesis, growth, translocation, and absorption of 
substances is inevitably linked with expenditure of or- 
ganic substances, and consequently with obtaining energy. 

Recently, experiments carried out in determining a 
whole complex of physiological processes in plants dur- 
ing drought (photosynthetic yield, water regime, growth 
processes, etc.) have shown a clear discrepancy with an 
excessively high level of respiration[1,2]. These inves- 
tigations indicate a decrease in the efficiency of respi- 
ration and its yield; i.e., during a considerable water 
deficit a breakdown of the usual ways of utilizing re- 
spiration energy takes place [2-4]. 

In connection with this, we have carried out a series 
of field experiments, determining respiration rate and ac- 
tivity of oxidative enzymes on the one hand, and trans- 
location of assimilate on the other, in corn plants under- 
going air and soil drought. As controls, plants grown on 
a favorable water regime were used. The significance 
of respiration efficiency is more noticeable in the com- 
plex process of translocation of nutrient substances than 
in any other process. The transformation of assimilates 
into transportable form, the mechanism of translocation 
itself, the transformation of substances from more trans- 
portable forms into less transportable in the places of de- 
posit — all these links of the flow are directly connected 
with the process of accumulation and transformation of 
energy, i.e., with respiration efficiency [5]. 


METHODS AND EXPERIMENTAL CONDITIONS 

The experiments were carried out in the most 
droughty western part of Kulundinskaya steppe (Klyu- 
chevskii region) in the fields of the L. V. Stalin kolkhoz, 
during the growing seasons of 1955-1956. Two treat- 
ments were compared: drought (soil moisture decreased 

from 40% to 30% during the first half of the growing 

season, and then dropped to the level of permanent wil- 
ting) and irrigation, in which the soil moisture was kept 
on the average at 70% of total field capacity. Irrigation 
was carried out through channels along the strips. The 
irrigation norm was about 800 m*/ha. The soil in both 
treatments was the same. Corn plants of varieties Slav- 
gorodskaya 270 (rapid-maturing) and Dnepropetrovsk 
(average- maturing) were used as experimental objects. 

Respiration rate was determined by means of Bar- 
croft differential manometers [6,7]. In each treatment, 
determinations were carried out in duplicate on sections 
from the middle part of the leaf of the middle whorl 
from twenty plants. Exposure was 1 hour; temperature 
28°; manometric readings were taken every 15 min. Ac- 
tivity of oxidative enzymes was calculated by the meth- 
od of Povolotskaya and Sedenko (8), the average sample 
being composed in the same way as in the case of respi- 
ration determination. Determinations were made every 
five to seven days. The rate of assimilate flow was deter- 
mined by means of radioactive carbon c[9]. The car- 


TABLE 1. Respiration Rate of Corn Leaves, Variety Dnepropetrovskaya (in mg per hour 


per g dry weight) 











CO, O; 
Date of 
Stage of development determination| """ ,| watered | T°?” watered 
watered watered 

Leaf formation June 16 37.88 21.88 47.60 25.54 
June 27 22.58 15.92 27.10 24.60 

July 12 19.43 9.78 | 30.32 | 12.30 
Tasseling July 17 22.54 | 18.40 | 26.50 | 20.70 
Pollen shedding July 23 16.38 14.28 18.30 16.90 
Silking Aug. 8 17.23 13.28 18.09 15.31 
Seed setting Aug. 14 14.94 13.52 16.42 14.39 























TABLE 2. Role of Oxidizing Enzymes in Corn Leaves (in mg of ascorbic acid oxidized 
per g wet weight in 30 min) 














































































q polyphenol Ascorbic 
Date of Peroxidase oxidase acid 
Stage of development determina-|~ pon fon > non- 
tion watered | Watered tered |tered | tered watered 
Variety Slavgorodskaya 270 
Leaf- formation 28. VI 81.8 41.2| 61.74 58.7 3.7 1.3 
Tasseling 7. Vil 592.5 | 547.5] 40.0 | 27.5] none | none 
Anthesis 18. VII 145.0 50.0 | 131.3 | 75.0 | 81.2] 75.0 
Seed setting 26. VII 448.7 | 417.5 | 201.2 |118.0 | 12.5] 6.2 
The same 3. VIII 310.0} 262.5]; 50.0] 37.0] 3.4 5.0 
Milk stage of maturity 12. VIII 198.9} 168.6] 35.9] 31.4] 10.4] 9.9 
The same 49. VIII 249.0} 215.8] 33.3] 16.6} 10.4] 8.3 
Milk-wax stage 26. VIII 190.5 | 116.0 |108.3 1 58.3] 0 0 
of seed maturity 
Variety Dnepropetrovskaya 

Leaf- formation 23.VI 406 384 29.0 | 19.0 | mone; none 
The same 28. VI 502 396 15.5] 14.5) 4.5 1.0 
The same 3. VII 380 202 33.5 | 9.0] 8.5] mone 
The same 8. VII 291 "282 9.0} 6.4) 27.8] 15.2 
Tasseling 18. VII 919 915 0 0 85.0] 9.0 
The same 24.VII 825 434 — _— —-i- 
Anthesis 4. VIII 256 204 7.2| 4.0] 2.4] 0 
The same 9. VIII 259 265 none | none , 63.6 | 62.4 
The same 14. VIII 222 110 19.2 | 12.8] 10.8} 0 
The same 23. VIII 110 263 22.5 | 19.2] 4.5] 0 
Milk stage ofseed maturity; 29. VIII 198 160 23.0 | 18.0) 16.0] 9.6 





TABLE 3. Translocation of Radioactive Carbon from the Leaf into Ears of Corn 











































49.155 pC/liter. 
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bon dioxide source was a mixture of regular and radio- 
active soda, with a specific radioactivity of 1.1 »C/mg 
The concentration and amount of Na,C!“o, was selected 
in such a way that the activity of gas in the chamber was 


Dimensions of the apparatus had to be somewhat in- 
creased to adapt them for the corn leaf. Mixing of soda 
solution with 50% sulfuric acid (1 ml per determination) 
was Carried out in one arm of the reaction vessel. Sam- 
ples were collected in duplicate right after “feeding” of 
the leaf, and after 20 minutes, 1, 4, 8, and 24 hours. 














Content of C™“ in imp/min 
Date r mg dry weight 
Experimental | Stage of plant of sais boy Boies 
treatment development} deter- ae , leaf ‘ ear, 
ina- eds 2 
min rerfcca|s tr [6 me [pate [br 
ing (1) _|later |later | (2) 
Nonwatered ' 110 80; — 40| 60 
Watered Anthesis 46.VIII} 4900 | 1260| — | 1080] 170 
Nonwatered | 830 680 | 570 | 490| 30 
9 
a Seed setting | 28. VIII an Be so pr pas 
e 
Milk stage of 3150 | 2180 /1100 | 970] 160 
Nonwatered } | “seed maturity 5IX | 4939 | {400 [1000 | 660 | 380 
Milk stage of 2700 4900 | — | 1840 40 
Nonwatered | 8 10.1X 
Sansa J | seed maturity 3250 | 1200} — | 580} 100 











Total radioactivity was determined on a VSP-type 1956- 


804 torsion counter. 


The average sample for determination of soluble su 
gars [10] was composed of 40 to 50 plants, in whorls. 





Ratio 
(1): (2) 


2.75 
3.88 
1.69 
3.72 
4.40 
8.50 
3.24 
6.10 
1.46 
5.51 


EXPERIMENTAL DATA 


Observations of the respiration rate in corn leaves 
have shown increase in both O, absorption and carbon 
dioxide evolution during progressive soil and atmospheric 
drought (Table 1). The activity of oxidases was found 
to be increased (Table 2). 
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TABLE 4. Dynamics of Soluble Carbohydrates in 
the Leaves of Corn, Variety Dnepropetrovskaya, 
According to the Whorls 

















ate | Total sugars (re- 
ducing sugars + 
Stage of rake * ' sucrose), % 
development mina- |""0F non- 
tion 7 eames watered 
pi | 7.5 7.6 
Leaf formation | Jul.16 2 7.4 | 8.3 
(3 |} 44.5 | 7.7 
1 6.5 | 5.7 
Anthesis Jul.31 {2 7.2 |°6.2 
3 7.7 | 42 
4 8.5 | 5.2 
Seed setting Aug.17, : 9.4 | 6.3 
8.0 7.9 
| 7.0 7.7 
Aug24) {> | fa | 76 
Milk stage of ‘Sept.1- 4 s | -: 
seed maturity | t 44 | 4A 
~& . 
\sept.7 2 43 | 6.4 





On the other hand, the experiments show a complete 
lack of correspondence of oxidizing processes with the 
rate of translocation of nutrient substances in plants sub- 
jected to drought (Table 3). 

The rate of assimilate flow from the leaf [Table 3, 
ratio (1): (2)], as well as general rate of translocation, 
during strong water deficit is one-third to one-half that 
than during optimal supply of water. 

The decrease in assimilate in plants undergoing 
drought (measured by hours) is considerably slower, in 
spite of the increased expenditure of substances for respi- 
ration (Table 1), The great accumulation of soluble car- 
bohydrates in leaves, according to the whorls, (Table 4), 
together with their simultaneous considerable expenditure 
is an indirect confirmation of the poor translocation of 
nutrient substances along the plant during drought. It is 
also interesting to note the decrease in respiratory quot- 
ient (Table 5) in plants undergoing drought during vege- 
tation. 


DISCUSSION OF RESULTS 

Increasing soil and atmospheric drought during the 
process of vegetation causes breakdowns in the energy 
metabolism of plants. A sharp decrease in carbon as- 
similation [Table 3, column entitled "immediately after 
feeding” - (1)], with simultaneous increased oxygen ab- 
sorption and increased activity of oxidizing enzymes, is 
accompanied by a very weak transportation of photosyn- 
thetic products. Consequently, during drought plant re- 
spiration loses its effectiveness. The level of oxidizing 
processes does not correspond to the synthetic ones, while 
processes directly connected with the expenditure of 
energy (outflow of the assimilation products) are in an 
inhibited state. The decrease of the respiratory quotient 


* See English translation. 





TABLE 5. Respiratory Quotient in Corn Leaves, 
Variety Dnepropetrovskaya Under Conditions of 
Drought and Optimal Water Regime 








State of develop- = of eepinatery quotient 
ment and deter- — so l 
_tination | Waterea | watered 











mination —____ 
Leaf formation July 16 0.79 0.86 
Aug. 7 0.73 1.00 
Aug. 12 0.64 0.78 
@ ing’ Sept. 3 0.79 0.90 
il Sept. 14 0.89 0.91 
Milk mis of seed | Sept. 23 0.79 0.87 
maturity Sept. 29 | 0.69 0.76 


during drought is a curious fact, which indicates eithera 
change in the nature of the respiratory material, or an 
incomplete oxidation. We are more inclined to favor 
the second possibility, because of the increased accumu- 
lation of soluble carbohydrates in the leaves of the un- 
watered treatment (Table 4), 

The weak rate of outflow of assimilation products 
from the leaf during deep water deficit, the decrease in 
the general rate of translocation to half or one-third of 
that of watered plants, the small decrease in assimilates 
in the leaves in the course of hours, together with the 
simultaneous increased rate of respiration and oxidizing 
enzyme activity indicate a decrease in respiration effi- 
ciency, a breakdown in the complex system of oxida- 
tion-reduction reactions, the nonconstructive usage of 
energy material, i.e., a physiological devaluation of 


respiration. 
SUMMARY 


1, Progressive soil and atmospheric drought causes 
a superfluously high increase in respiration rate and ox- 
idative enzyme activity (peroxidase, polyphenol oxidase, 
ascorbic acid oxidase), as compared with the level of syn- 
thetic processes, 

2. The increase of the oxidative processes is ac- 
companied by a simultaneous sharp decrease of assimi- 
late flow out of the leaf, both in rate of flow as well as 
in the amount of assimilants. 

3. During moisture deficiency in plants, one notes 
a decrease of the respiratory quotient, evidently because 
of the incomplete oxidation of energy material. 
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Mineral translocation in plants was first studied by 
Mason, Maskell, and Phillis [2-5]. In these investiga - 
tions, a downward translocation of calcium through the 
stem cortex could not be demonstrated. 

We have performed a series of experiments using 
Ca‘® in which the isotope was introduced directly into 
the cortex and then traced by radioactivity measurements 
as it moved into other parts of the plant. 

A ring of bark was removed from the stem and re- 
placed by a plastic strip with a U-shaped cross section, 
the exposed part of the cortex having first been covered 
with cotton soaked in a solution of calcium chloride con- 
taining Ca®, 

In one experiment, calcium was introduced in this 
manner into the stem cortex of blooming cotton plant 
and after five days the radioactivity of various parts 
above and below the site of application was measured. 
Results of these determinations are presented in Table 1. 

The data clearly indicate that calcium introduced 
into the stem cortex is translocated only in an upward 
direction, with the result that it accumulates to a marked 
extent in the upper parts of the plant. The greatest ac- 
cumulations are in the young tissues. For example, to- 
tal radioactivity of the leaf at the fourth node of the 
main stem was 571 imp/min- g wet weight, while the 
young leaf adjacent on the axillary shoot had an activ- 
ity of 109,235 imp/min. 

Experiments with cotton were repeated several times, 
translocation being studied in the stages of floral initia- 
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tion, fruit formation, and fruit maturation. At no time 
was movement in a downward direction observed. 

Experiments on calcium translocation in lilac shoots 
during the blooming period and the period of vegetative 
growth were also carried out. In one such experiment, 
the radioactive isotope was introduced into the cortex 
on April 21, and samples for determination of radioac- 
tivity were collected on April 27. 

The radioactivity of portions of the plant above the 
site of application was found to be as follows: 


Plant part Radioactivity, imp /min- g 
wet wt 

Cortex 29000 

Leaf 10585 

Flower buds 1400 


No radioactivity was detected below the site of ap- 
plication, and thus, as with cotton, calcium was trans- 
located through the stem in an upward direction only. 
Similar results were obtained in experiments with other 
plants as well. 

Special experiments with two-year-old shoots of 
Chinese rose were carried out in order to clarify the role 
of the cortex in calcium translocation along the stem. 

The wood was removed from the base of 10-cm 
shoots and these shoots were immersed in a solution of 
radioactive calcium so that the lower 3 cm of cortex 
was covered. In order to prevent leaf desiccation, the 


TABLE 1, Radioactivity of Various Plant Parts after Introduction of Ca into the Cortex 























Activity, 
Position of plant parts Plant parts imp/min - g 
wet wt 
Above the application site Old leaf, fourth node 571 
of the main stem 
Young leaf on shoot from 
the fourth node 109235 
Cortex 135380 
Wood 19720 
Below the application site Leaf on the main stem 0.0 
Cortex 140 
Cortex, stem base 0.0 





Radioactive Calcium 


TABLE 2. Radioactivity of the Cortex and Wood of 
Chinese Rose Shoots after Exposure to a Solution of 














Radioactivity, imp/min- g 
Nodes, from below ~wet wt 
Cortex Wood 
Parts in solution 418500 _ 
2-3rd internode 2205 0.0 
4-5th internode 1500 0.0 
6-7th internode —— 0.0 
7-8th internode 8031 291 
Apex 4354 200 


shoots were kept for four days under a glass bell jar lined 
with wet filter paper. On the fourth day samples of cor- 
tex and wood were taken from various parts of the shoot 
for determination of radioactivity. Results of these de- 
terminations are presented in Table 2. 

Regardless of the absence of wood at the stem base, 
calcium is translocated upwards and accumulated in the 
upper regions of the shoot in large amounts. This, to- 
gether with the absence of radioactivity in the wood of 
lower stem parts, provides incontrovertible proof that 
translocation occurs in the cortex alone. A small amount 





Plant parts 


Cortex above site of application and below girdle 
Cortex above site of application and above girdle 
Leaf above site of application and below girdle 
Leaf above site of application and above girdle 
Cortex below site of application 
These results show that under these conditions cal- 
cium was translocated only upwards and that girdling of 
the stem above the site of calcium application did not 
hinder this process. Those parts above the girdle showed 
a marked increase in radioactivity; in this case translo- 
cation was through the wood instead of the cortex, indica- 
ting that calcium introduced into the cortex can easily 
pass into the wood and move through the dead tracheids 
and vessels. It should be pointed out, however, that al- 
though girdling the stem did not prevent upward translo- 
cation, it strongly impeded it. As a result we observe 
in girdled plants huge accumulations of calcium in the 
cortex below the girdle. The presence of radioactivity 
in the cortex above the girdle shows that the calcium 
which had been translocated past the girdle through the 
wood then passes into the cortex and accumulates there 
in fairly large amounts. Thus, calcium is translocated 
upwards both through the cortex and the wood, with 
lateral movement in both directions taking place. 
Having established the upward translocation of cal- 
cium through the stem cortex, we passed to the elucida- 
tion of the underlying reason for the fact that calcium, 
in contrast to other elements, is translocated upwards 
only. We attempted to explain this in terms of the 
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of the shoot, and this evidently results from translocation 


one experiment with lilac was performed in which the 
radioactive material was applied to the cortex in the 


above this point. Five days later, samples were taken 





of radioactivity is found in the wood of the upper regions 


from the cortex to the wood. 
To clarify the role of wood in upward translocation, 


middle of the stem, after which the stem was girdled 


from various parts of the stem for measurement of radio- 
activity. Results were as follows: 


Radioactivity, imp/min- g 
wet wt 
57866 
10923 
8324 
27694 
0.0 








character of distribution of calcium upon entering the 
plant. As we have already seen in Table 1, it is ac- 
cumulated mainly in the young tissues, being translo- 
cated to the old tissues in small amounts. This pattem 
of distribution is characteristic of the plant as a whole 
and also of its individual organs. We shall present re- 
sults of experiments with narcissus designed to reveal 
distribution patterns in leaves. This plant was dug up 
in the spring and its root system immersed in a solution 
of Ca® containing calcium chloride for three days. On 
the fourth day samples were taken from various parts of 
the plant for determination of radioactivity. Results are 
presented in Table 3. 

Table 3 shows that calcium entering the leaf is ac- 
cumulated exclusively in the young parts, being com- 
pletely absent from the upper, older parts. 

In view of the rapid absorption of calcium by young 
tissues, we thought it possible to alter the direction of 
flow of this element by removal of young growing parts 
and suppression of apical growth. In one experiment with 
cotton, the apices and axillary shoots in the upper part of 
the stem were removed. After some time, the lower 
parts began to grow, and after the appearance of young 
shoots calcium was introduced into the cortex at the 

































































TABLE 3. Distribution of Calcium in Various Parts of the Narcissus Leaf 














Radioactivity, imp/min- g 
Leaf parts pete 
Second leaf Third leaf 
Youngest lower part 41875 34023 
41985 25027 
Young lower part 17076 3175 
Middle part 3296 211 
Old upper part 900 207 
Oldest upper part 0.0 0.0 
Oldest upper part 0.0 0.0 





middle of the stem. Four days later samples were taken for determination of radioactivity. Results were as follows: 


ns Plant parts Radioactivity, imp/min: g 
on wet wt 
n, Cortex above site of application 136925 
Leaf above site of application 10478 
Cortex below site of application 0.0 
First leaf below site of application 0.0 
Fourth leaf below site of application 0.0 
il These data show that upward translocation of calcium through the stem is determined by the physiological 


status of the stem itself and of its parts. We assumed that the phenomenon is related to the existence of an acropetal 
concentration gradient of mobile forms of various calcium compounds in the stem cortex, At first glance this assump- 
tion seems to contradict our previous conclusions of high levels of calcium compounds in the upper parts of plants 

[1]. In this study, however, it was established that the major part of the calcium in these regions occurs in bound 

} form, Absorption of calcium by these young cells is therefore possible, and this calcium binding promotes the de- 
velopment of a concentration gradient along the stem,increasing from the base to the apex. In view of this, we 
thought it possible to alter the direction of translocation by altering the direction of the concentration gradient, this 
being accomplished by sprinkling the upper plant parts with a calcium chloride solution. To this end an experiment 
was performed in which the upper part of a cotton plant was sprinkled with a 2% solution of calcium chloride, and 
-— after a few hours radioactive calcium was introduced into the cortex at the middle of the stem. 





4 Analysis of the distribution of radioactivity in this plant yielded the following results: 
7 Plant parts Radioactivity, imp ’min- g 
mm wet wt 
le 
a Cortex above site of application and below the node 861871 
4 Wood above the site of application and below the node 33225 
Cortex above the site of application and above the node 247636 
4 Wood above the site of application and above the node 12179 
On Old leaf of the sixth node above the site of application 461 
: of Young leaf of the sixth node above the site of application 28400 
poe Cortex below the site of application and above the node 58592 
Cortex below the site of application and below the node 1176 
am Wood 2923 
n- Leaf of the fourth node below the site of application 5250 
Leaf of the fifth node below the site of application 4768 
oung Cortex at the stem base 272 
of Wood at the stem base 0.0 
arts These results show that with calcium enrichment of the upper parts of the plant in the manner described, 
t with there is induced a downward translocation of calcium subsequently introduced into the cortex; radioactivity of 
art of organs below the site of application is perceptibly increased. 
r The downward translocation is of limited extent and no calcium is found at the stem base. Evidently 
ung there is a rapid lateral movement from cortex to wood, after which the element is again translocated upwards. These 
. data clearly show that direction of translocation along the cortex is determined by the direction of the calcium 
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concentration gradient. In the stem of unsprinkled plants, 
where there is an acropetal concentration gradient of 
mobile calcium compounds, radioactive calcium is trans- 
located upwards. A reversal of the direction of the gra- 
dient resulted in the addition of a downward translocation 
component. 


SUMMARY. 

1. Calcium is translocated through the stem cortex 
mainly in an ascending direction. During translocation, 
it can pass from the cortex into the wood and move 
through it as well. 

2. Upward translocation of calcium through the cor- 
tex is manifested by the acropetal gradient of calcium 


compounds, this gradient depending on the binding of 
calcium by protoplasm of young tissues. Saturation of 
the upper parts of the plants with calcium by spraying 
with a calcium chloride solution promotes downward 
translocation as well. 
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Foliar feedings of agricultural crops, particularly 
with nitrogen, do not always give positive results. While 
one of us was studying the characteristics of nitrogen 
feeding of plants through the leaves [1,2], he showed 
that spraying corn plants with a 4 to 5% solution of urea 
causes retardation of nitrogen absorption by the roots for 
one or two weeks, and sometimes even more, Such re- 
tardation can be explained by the fact that when nitro- 
gen is introduced into the leaves, the photosynthetic pro- 
ducts are used by the leaves themselves for acceptance 
of amino acid groups, and the sugar content of leaves 
decreases. This weakens the flow of assimilants to roots 
and makes them less able to assimilate soil ammonium. 
In these experiments, the absorption of nitrogen by the 
roots was studied for a relatively short period of time— 
for not more than 14 days after spraying. 

The purpose of the present study was to examine the 
effect of foliar nitrogenous supplementary feeding on ab- 
sorption of nitrogen by the roots over the course of a long- 
er time period, at various levels of nitrogen nutrition 
through the roots. 


METHODS 
The experiments were carried out in 1959 in the 
greenhouse of the Institute of Plant Physiology, Academy 
of Sciences of the USSR. Plants of early- maturing corn, 
variety Spasovskaya, were grown in metal containers 
holding 5 kg of absolutely dry soil. The soil moisture, 


about 70% of full field capacity, was maintained by 
means of daily watering on a weight basis. 

The plan of the first experiment was the following: 
1) control, spraying with water; 2) double spraying with 
3% urea solution; 3) the same as in the second treatment 
plus 3% NaH,PO,. In all cases, the wetter OP-7 was add- 
ed in concentrations of 0.2%. 

The experiment was carried out at high and low 
levels of root nutrition. High level was made by adding 
NH,NO, and KH,PO, to the soil (300 mg N and 200 mg 
PO; per kg absolutely dry soil), in one case for 3 weeks 
and in another case for 2 weeks prior to the experiment 
with foliar feeding. At the lower level of root nutrition 
no fertilizers were added to the soil. 

At the stage of the beginning of tassel emergence, 
the experiment with foliar feeding was initiated: the first 
was made on July 13, and the second on July 17. Five 
days after the second spraying, the first sample of plant 
was taken: leaf — the fifth from the top, and stem — the 
internode of the fifth leaf. Subsequent samples were 
taken every 7 to 8 days. Every sample consisted of 10 
plants (Table 1). 

Altogether, five samples were taken, i.e., nitrogen 
introduction through the roots was measured for 38 days 
after spraying. Samples, from both the sprayed and con- 
trol plants, were washed with water, then fixed with hot 
steam, dried at 60° and analyzed. Together with this, 
the sap flow was collected for 24 hours from decapitated 


TABLE 1. Time of Sampling for Analyses 














Stage of development 


The end of seed set — beginning of milk stage of maturity 


Sample! pates* 

No. 
1 Aug. 21-22 | Tassel emergence 
2 | Aug. 29-30 | Silking 
3 Sept. 5-6 Seed set 
4 Sept. 12-13 : 
5 Sept. 20-21 | Milk-wax maturity 








* The first number is the date of sampling at the high nutritional level, the 


second—at the low nutritional level, 





plants, From the volume of the sap and the nitrogen con- 
centration (Kjeldahl + nitrate) in it, the amount of nitro- 


gen absorbed by the plant through the roots was calculated. 


RESULTS 

The effect of foliar feedings on plant yield is shown 
in Table 2. 

At the high level, the increase of yield in aerial 
mass after aerial leaf feeding was insignificant. The 
yield increase at low level was somewhat greater; also, 
while the addition of phosphorus to urea during spraying 
had no effect on the yield at all at the high level, at the 
low level the phosphorus had a definite quality effect: 
with nitrogen, the wet weight of plants increased by 10%, 
and with N+P the wet weight increased by 18%. The 
introduction of nitrogen from the roots in sprayed plants, 
expressed in percent of controls, is shown in Fig. 1. 

According to the data on nitrogen absorption, the 
first thing one can conclude is that, in all four cases, in 
the first 1 or 2 weeks after spraying the absorption of ni- 
trogen by roots was noticeably decreased in plants receiv- 
ing supplementary feeding, which confirms the results of 
our previous investigations [1,2]. In Fig. 1, it can also 
be seen that after the initial decrease in nitrogen absorp- 
tion in sprayed plants, an increase in absorption takes 
place, which continues for 1 to 2 weeks; after this, a de- 
crease in absorption again occurs. The addition of phos- 
phorus to urea during spraying (in equal ratio of N and 
P,Os, the active principle) did not change the general 
nature of the nitrogen absorption curve (Fig. 1, C and D), 
although it had some effect on nitrogen absorption, which 
was expressed in the following: 1) retardation in nitrogen 
absorption took place one week later than in the treat- 
ments with nitrogen alone; 2) at the high level, the addi- 
tion of phosphorus (Fig. 1, C) somewhat decreased nitro- 
gen absorption by roots at all times and the curve fell 











somewhat lower; on the low level (Fig. 1, D), on the con- 
trary, the addition of phosphorus increased nitrogen ab- 
sorption in the second and third week after spraying. 
From this, one may conclude that the yield increase of 
aerial mass when phosphorus is added to nitrogen is greater 
on low level than on the high level (see Table 2) because 
of these effects. 

Alteration of retardation and increase of nitrogen ab- 
sorption by roots is evidently connected with an unequal 
flow of assimilants from leaves, which may be judged by 
the change in sugar content of stems and leaves (Table 3). 
The change in sugar content of the leaves of the nitrogen 
treatment (monosaccharides, sucrose, and some of the 
water-soluble sugars), expressed in percent of control, 
is shown in Fig. 2, In order to compare changes in sugar 
content with change in nitrogen absorption, the curves 
of nitrogen absorption by roots are plotted on the same 
coordinates, 

As can be seen from the data given, the total water- 
soluble sugars change insignificantly after foliar nitrogen 
feeding. Sharper changes occur in the content of sucrose 
and monosaccharides, and here one can see a rather sharp 
direct connection between the change in sucrose content 
of stems and nitrogen absorption by roots: as the sucrose 
content decreases so does the nitrogen absorption by roots. 
The monosaccharide content, however, increased, which 
may indicate that in photosynthesis of amino acids, only 
a part of the sucrose molecule was used, and unused hex- 
oses were accumulated in the stem. 

The increased use of sucrose as compared to mono- 
saccharides can be explained by the fact that sucrose, as 
the most active form of sugar, has a high bond energy 
[3]. It has been established that sucrose is considerably 
richer in free energy than maltose and monosaccharides. 
In the sucrose molecule the two hexose halves are very 
active; the energy of their bond is 6,500 calories per mole. 


TABLE 2. Effect of Foliar Feeding on Yield of Corn 























Treatment Aerial feeding treatment Average wet weight |The same, % 
number per plant, g of control 
High level 
I Control (sprayed with water) 190 100 
II Nitrogen 203 107 
III Nitrogen - phosphorus 198 104 
Low level 
IV Control (sprayed with water) 104 100 
Vv Nitrogen 115 110 
Nitrogen - phosphorus 








nole, 








12) 
“) 
Mi) 
60 











71) 
120\- 
00 
7] 
rn i rn r ail: 
? 15 22 29 38 


Days after spraying 


Fig. 1. Effect of foliar supplementary 
feedings with urea on nitrogen intro- 
duction into roots. (Controls were taken 
for 100%).A and B)Sprayed with nitrogen; 
C and D) sprayed with nitrogen and phos- 
phorus A and C) high nutritional level; 

B and D) low nutritional level. 


The relationship between sucrose content of stems 
and nitrogen absorption by roots during foliar nitrogen 
feedings evidently can be explained by the fact that suc- 
rose is the main transport form, and the decrease in its 
content in stem indicates a decrease in the flow of as- 
similants to the roots. 

The fact that it is particularly the sucrose content 
that decreases during foliar nitrogen feeding has been 
noted by Kalinkevich [4], who worked with corn. Eaton 
and Ergle [5] have shown that when cotton is sprayed with 
urea, the sucrose content of leaves sharply decreases, 
while the content of glucose and starch increases. 

However, entirely opposite indications can be found 
in the literature. Thus Borodulina and Runov [6] note 
that in melons given foliar feeding of a 1.5% solution of 
ammonium nitrate, the content of monosaccharides was 
decreased while the content of sucrose and total sugars 
was increased. An increase in sugar content during foliar 
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Days after spraying 
Fig. 2. Change of sugar content in stems 
and nitrogen introduction into roots as re- 
lated to the foliar supplementary feedings 
with urea. (Control plants are taken as 
100%). A) High nutritional level; B) Low 
nutritional level; 1) Introduction of nitro- 
gen from the roots; 2) sucrose content; 3) 
monossaccharide content; 4) total water- 
soluble sugars. 


nitrogen feeding has been noted by Serbin [7] in the 
leaves of sugar beet. 

Such contradictory data on the effect of foliar nitro- 
gen feeding on the sugar content of the plant probably 
should be explained by the fact that the samples were 
not taken in the same periods of time after spraying. In- 
deed, if in our experiment (Fig. 2), the sample was taken 
only a week after spraying, it would have been possible 
to say that the supplementary feeding decreased the con- 
tent of sucrose; however, if the sample were taken 2 weeks 
after spraying, then it would have been possible to draw 
the opposite conclusion — that the sucrose content is in- 
creased after the feedings. 

The increase of sucrose content in the plants sprayed 
with urea observed in our experiment 2 weeks after spray- 
ing (following the decrease of its content) takes place 
evidently for the following reason. The spraying of 
plants with nitrogen, as is known, causes an increase in 
photosynthetic rate [8-9]. While in the first week, in 
spite of this, the content of sucrose decreased because of 
the intensive expenditure of this substance in the process 
of absorption and nitrogen assimilation, in the second 
week the increase of the photosynthetic rate exceeded 
the expenditure of sucrose, which led to the increase of 
its content. 

As far as treatments of spraying N+P are concerned, 
the addition of phosphorus somewhat destroyed such a 
direct relationship between the change in sucrose con- 
tent and absorption of nitrogen by roots. 









dry weight) 


TABLE 3. Effect of Foliar Supplementary Feedings on Sugar Content in Stems (in % of 






















































































The relationship noted in our experiment between 
sucrose content in the plant during foliar feeding and 
nitrogen absorption by roots may be used for predicting 
the efficiency of foliar nitrogen feedings. They will pro- 
bably be more effective when the plant has the greatest 
content of sucrose, It may be supposed that the foliar 
nitrogen feedings may be more effective in plants in 
which the greatest part of sugars is in the form of sucrose. 
Thus, the hypothesis proposed earlier [1] may be made 
more precise; It may be said that one of the basis inter- 
nal factors determing the effectiveness of foliar nitrogen 
feeding is the content of sucrose in the plant at the mo- 
ment of feedings, and the existence of conditions for its 
synthesis in the plant. 

The sucrose content in plants changes rather sharply. 
Thus, in our experiment the sucrose content in the stem 
during emergence of the tassel was 5 to 6%, while in the 
phase of grain formation — the beginning of milk matu- 
rity it was increased by 3 or 4 times (up to 18% at the 
high level and up to 24-27% at the low level). Then, in 
the phase of milk wax maturity, the sucrose content was 
again decreased (see Table 3). 

Our data on the change of sugar content in corn in 
ontogenesis agree with the data of other authors. Thus, 
in the field experiments with corn, Krasnodarskii hydrid 
1/49, which were carried out in the Moscow vicinity [10], 
the sucrose content in the stems during the phase of tassel 
emergence was 5.52%; then its content increased in the 
flowering phase up to 13.44%; at milk maturity, up to 
18.49%, after which the decrease in sucrose content be- 
gan to occur. 

Thus, the greatest content of sucrose in corn was ob- 
served during the time from silking to milk maturity. 

At precisely these stages, as one of us noted earlier [1,2], 
foliar nitrogen feedings give the best effect insofar as 
accumulation of nitrogen in the plant is concerned. Dur- 
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cs 21—22.VII* | 29—30.Vil* 5—6.VIiI* 12—13.VI1* | 20—21. VIII" 
° Type of foliar Sw es A ee a 
2 supplementary| 3 39 2 30 a 2 g 33| 3 |) 32 
=. ‘ se |e & 6 |e & es| & e4 8 ea 
Zi feeding gles! 2 lesl 2 12518 [eel 3 les 
High nutritional level 
I | Control 1 4.92 | 11.07) 10.84] 14.25 / 18.714] 10.16 / 10.36) 9.58 | 13.51) 7.25 
II | Nitrogen 3.66 | 12.15] 12.99] 9.74] 21.86] 7.25] 10.03) 9.16 | 18.65) 3.73 
Il ——— and | 3.73 | 10.62] 14.84] 12.37] 18.76| 9.50] 11.09] 9.33 | 13.69] 6.58 
a. Low nutritional level 
1V (Control 6.02 | 12.65] 10.44) 15.23 | 23.58) 8.55 | 27.35) 7.16 | 21.22) 6.16 
V [Nitrogen 2.46 5.0 3.0 | 8:39 9.12 | 24.93] 6.54 210 5.73 | 21.24] 4.19 
VI Mise i and | 3.38 55 | 10.85 | 13.80] 25.11] 6.45 | 23.07] 6.84 | 22.92] 4.73 
osphorus 


* First figure—date of sampling at the high nutritional level, 


ing the high content of sucrose inplantsin this period, 
the expenditure of sucrose in the process of absorption in 
the assimilation of nitrogen by leaves does not lead (or 
leads in the smallest degree) to the retardation of nitro- 
gen absorption by roots. 

The results of the second vegetative experiment, 
carried out in 1959, also have shown the advantage of 
late foliar feedings. The experiment was carried out at 
the same fertilizer levels, with the same soil as in the 
first experiment. In the ten-leaf stage, NH,NO, and 
KH,PO, were applied to the soil of all containers at the 
rate of one norm of N and P (150 mg N and 100 mg 
P.O, per kg of absolutely dry soil), and during the phase 
of tassel emergence, an additional 0.5 norm of N and P. 

In our experiment, the foliar feedings were given 
in 3 periods (for the plan of the experiment see Table 4). 
At every period, 3 sprayingswere made with 4% urea 
solution. During the middle period, the treatment in- 
cluded spraying with 4% urea solution plus 4% NaH,PO, 
solution. There were 16 plants in every treatment, one 
plant per container. The experiment was concluded at 
the phase of wax maturity. For analysis, we took leaves 
(fourth from the top and the leaf next to the ear shoot), 
stem (internodes of these leaves) and grain. Leaf and 
stem samples were washed with water. 

The experimental results are given in Table 4. 

It can be seen from Table 4 that the later foliar 
feedings are given, the more effective they are, insofar 
as increase in nitrogen content of the plant is concerned. 
The sharp difference in the content of nitrogen between 
upper and lower leaves is very noticeable and can be 
explained by the fact that the lower leaves are older and 
they begin to yellow. Nevertheless, in the lower leaf 
one notes the same relationship of change of nitrogen 
content in relation to the time of feeding as in the up- 
per leaves. During late feedings the increase in content 
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TABLE 4. Effect of Time of Supplementary Foliar Feedings on Nitrogen Content 





Total nitrogen, % dry weight 





| 








I 
= E Experimental leaves | stems Wet wt. 
A seed |ofplant 
g oe ee upper | lower boper par hower part| *< sees 
I | Control 
(spraying with 
water 1.28 (100)] 0.83 (100)] 0.43 (400)] 0.30 (100)] 4.22 (100)] 182 (100) 


oe 
— 


Urea 4% - end of 
leaf formation - 
beginning of 
tassel emer- 


Ill | Urea 4% - begin- 
ning of silking - 
beginning of 


IV | Urea 4%+ 

+ RatgPO, 4% - 
same stage as 
treatment III 

V | Urea 4%- seed 
formation ~ milk 
stage 
maturity 











gence 4.55 (121)] 0.90 (108)] 0.42 (98) | 0.34 (443)] 1.24 (402)] 186 (402) 


seed formation | 4.73 (135)| 4.29 (155)| 0.40 (93) | 0.38 (427)| 1.40 (445)| 196 (108) 


4.59 (124)| 1.45 (4138)| 0.30 (91) | 0.35 (447)| 4.46 (120)] 179 (98) 








4.90 (448)| 1.34 (461)] 0.52 (424)] 0.44 (447)| 1.53 (125)| 185 (102) 








Note: Figures in parentheses are in percent of control, 


of total nitrogen in leaves was almost 14 times higher as 
compared to controls, in stems 21-47% higher, and in 
grain 25% higher. 

The field experiment, carried out in 1959 in Kras- 
nodarskii region with foliar feedings in the same stage 
of development as in the vegetative experiment, in spite 
of the very droughty summer, showed an analogous rela- 
tionship in accumulation of protein in plants: the late 
feedings were more effective than the early ones. But 
the degree of increase in nitrogen content in corn was 
not so high; in leaves the nitrogen content increased by 
14-18%, in the stems by 12-30%, in the grain by 8% (A. 
N, Pavlov, E. G. Greenfeld). 

To return to the data of Table 4, it should be noted 
that only in the period of silking — formation of grain in 
treatment III the foliar feedings have somewhat increased 
the yield of the total mass of plants (by 8%). Insofar as 
treatment IV is concerned, where nitrogen- phosphorus 
foliar feedings were given, it can be said that the addi- 
tion of phosphorus to urea did not have any positive effect 
either on nitrogen accumulation or yield; on the con- 
trary,a certain decrease of yield has been noted as com- 
pared to the feeding with urea alone, These data agree 
with results of the first experiment, where it was shown 
that the addition of phosphorus to urea during spraying 
of plants grown at the high level did not decrease nitro- 
gen absorption by roots (Fig. 1, C). 


SUMMARY 
1, In corn plants sprayed with 3% urea solution in 
the phase of the beginning of tassel emergence, the ab- 
sorption of nitrogen by roots was studied (by the method 
of sap analysis) for 38 days after spraying. 


2, Foliar nitrogen feedings caused a decrease in ni- 
trogen absorption by roots for 1 to 2 weeks, which then 
changed to an increase in absorption, which also contin- 
ues for 1 or 2 weeks, after which a decrease in nitrogen 
absorption by roots again took place. 

3. A direct relationship was noted between content 
of sucrose in stems and leaves of sprayed plants and nitro- 
gen absorption by roots. 

4. Retardation of nitrogen absorption by roots during 
foliar feedings is connected with a decrease in the flow 
of assimilants, mainly sucrose, to the roots. 

5. Foliar feedings with urea give their greatest ef- 
fect, insofar as maximum accumulation in the plant is 
concerned, during the period from silking to milk matu- 
rity of grain, when leaves and stems contain their great- 
est concentration of sucrose. 

6. Foliar feedings were more effective at the low 
level of root nutrition, rather than at the high level. The 
addition of phosphorus to urea somewhat increased the 
effect of foliar feedings at the low level. 

The authors express their deep gratitude to Profes- 
sor N. S, Petinov for his attention to the work and his 
valuable advice, as well as the laboratory workers G. V. 
Mironiuk and V. L Razuvaev, who participated in the 
experimental part of the work. 
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The introduction of corn into the northem regions 
raises the important problem of increasing its cold re- 
sistance, After considering the data available in the 
literature [1-4, and others] concerning the capacity of 
some microelements — aluminum, copper, zinc, man- 
ganese, molybdenum — to increase the frost resistance 
of plants, we have proposed that these microelements 
are also able to increase the cold resistance of plants. 
In order to check this hypothesis, we began experiments 
in 1955-1956, in the V. L, Komarov Botanical Institute, 
Academy of Sciences of the USSR, to study the effect 
of a one-day preplanting treatment of seeds with solu- 
tions of microelements on the germination of corn seeds 
at various planting times, and therefore under various 
temperatures; we also began experiments to study the 
effect of preplanting treatment of seeds with microele- 
ments on the cold resistance of young shoots during 
short-duration action of temperatures close to 0°. 

There are data in the literature [5,6,7, and others] 
about the fact that treatment of the initiated seeds of 
high-temperature plants with constant low temperature 
(0,-1.2, and even -5°) for 10, 15, 30 days prior to 
planting, or alternation of low temperatures (0, -10°) 
with high temperatures (17-19°) in a ratio of 12 hours: 
12 hours or 6 hours; 18 hours, causes an acceleration of 
seed germination during lower temperatures, increases 
the cold resistance of plants, accelerates development, 
and increases yield. 

It was of interest to compare the effect of preplant- 
ing treatment of seeds with microelements with the ef- 
fect of constant low or alternating temperatures on the 
germination of maize seeds at lower temperatures, and 
also to clarify whether it is possible, with the aid of pre- 
planting seed treatment with microelement solutions in 
combination with the other methods of seed treatment, 
to increase the effect of plant resistance to lowered 
temperatures. 

Experiments On The Effect Of Microelements On Corn 
Seed Germination At Various Temperatures 
Experiments of 1955 

After the first planting - May 24 — there was stable 

below-normal temperature for a long time; for the first 











five-day period it was 6,2°, the second, it was 11.1°, and 
the third, 12.2. These figures indicate that the temper- 
ature conditions were very unfavorable for corn seed 
germination, especially during the first five days. Under 
these conditions (during the lowered soil temperature), 
the interesting fact of a considerable speeding up of corn 
seed germination under the effect of the microelements 
manganese, zinc, molybdenum, and especially copper, 
showed up, as well as a considerable increase in the per- 
cent of seed germination under their influence. The lat- 
ter is especially important, since the lower temperatures 
considerably decrease the percentage of germination. 
Boron did not show any positive effect, either on the 
speed of germination or on the percent of germination; 
on the contrary, it even had a negative effect on seed 
germination under these conditions. This is illustrated 
in Fig. 1A. 

Our data on the acceleration of germination at low- 
ered temperatures, obtained when corn was treated with 
copper, agree with the data of Abaeva [8], obtained with 
cotton. However, in our experiments it was possible to 
show that in addition to copper, zinc, molybdenum, and 
manganese give almost similar effects. 

Germination in the second period of planting (Fig. 
1B) occurred under moré favorable temperature condi- 
tions, The average daily temperatures were high, aver- 
aging 12°, This conditioned the appearance of stronger 
sprouts in all treatments, both in controls and microele- 
ment treatments. It is true that in this experiment, too, 
certain microelements (zinc, manganese, copper) also 
showed a positive effect on the speed of germination, 
but this effect was considerably less than in the first ex- 
periment. 

Experiments of 1956 

The results obtained in the experiments of 1956 com- 
pletely confirmed the data of 1955 (Table 1). 

As can be seen from Table 1, the seeds treated with 
copper and zinc germinated on the 12th day, those treat- 
ed with molybdenum, on the 14th day, while control 
plants and those treated with boron germinated only on 
the 18th day. As in 1955, copper, zinc, and molybde- 
num considerably increased the percent of germination. 
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Fig. 1. Effect of microelements on germination of corn seeds after 
planting in cold soil (A) and in warmer soil (B). 
3) molybdenum; 4) manganese; 5) copper; 6) zinc. 


1) Control; 2) boron; 


TABLE 1. Effect of Microelements on Seed Germination in Corn in Lowered Temperatures 
(Planted May 8; average temperature up to the appearance of shoots was 8 to 9°.) 






















































In 1956, the considerably lesser positive effect of micro- 
elements on germination at higher temperatures (planted 
May 22 and june 6) was also confirmed. 

The hardening of seeds with constant low temper- 
tures did not show any positive effect on germination in 
cold soil (average daily temperature 9.8°); it even de- 
creased the percent of germination. The hardening with 
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No. of days up 
No. of germinated seeds out of 100 planted to appearance 
Experimental of seedli 
May June . 

treatment sal anl ealae laclaal a ‘ - ome a 
: eed- - 
| 22] 24] 26/28} 30] 1 | 3 | a 
Control (dry) _ — | 22 | 34 | 37) 45 | 56] 57 60 18 26 
Come ory, —_ water)} — | 2] 3/13 | 18 |24| 33 | 46] 47 48 18 26 
(tee moor. liter —]| 4] 3/48] 32}35| 39] 51] 54 | St | 18 | 26 
Hy),MoO,-0.25 g/liter, _ | 9] 28 | 50 | 61 |67| 68 | 69| 69 | 69 | 14 | 22 
(Md -0.5 g/liter 14 | 4] 6/31 | 55/60) 62} 63] 63 | 63 | 16 | 22 
CuSO,-0.04 B / liter 13 | 32] 57 | 77 | 77 | 79] 81 | 81] 84 81 12 18 
ZnSO,-0.2 g/liter 16 | 27] 46 |65 | 75 | 76] 76 | 78] 78 78 12 20 














alternate temperatures, however, had some positive ef- 
fect. In all cases, both when preplanting seed hardening 
was combined with preplanting seed treatment with 
microelements, as well as with microelement treatment 
alone, the microelements — copper, zinc, manganese, 
and in some cases, molybdenum — considerably increased 
the speed of germination and percent of germination at 












































TABLE 2. Effect of Preplanting Hardening of Seeds by Alternating Temperatures and 
their Treatment with Microelements 








No. of germinated seeds out of 50 planted “7 sen pn 
. ce) planted planting to appear- 
bnce of see 




















Experimental 
treatments vei mee | __ June Het mass 
s[e]alala|-[~| = | - | «© |iestthansy| etings 
Alternating temperatures in combination with treatment by 
microelements 
Control 3| 6/18|22/34|34:38) 38 | 38 | 38 12 15 
HBO; — 0.2 g/liter | 4] 6/45|24|30/32\37| 37 | 38 | 38 12 15 
(NH,)Mo0,-0.25 9/1 | 2] 11| 23) 31/38 38/38) 38 | 38 | 38 12 14 
MnSO,—0.5 g/liter 2] 8|23|24/36/38/39} 39 | 39 | 39 12 15 
CuSO.—0.04 g/liter | 13} 19) 34/37] 41 [41/43] 43 | 43 43 11 13 
ZnSO.—0.2 g/liter 9} 16 | 24| 35] 37/38/38} 38 | 39 | 39 if 14 


Treatment only with microelements 




















Control —| 2| 6| 9123/33/34) 36 | 36 | 36 13 18 
HgBO,-0.2 g/ liter 14} 3) 5)12)21)31/39) 39 | 39 39 13 18 
(NH,)pMoO,-0.25 g/1|—| 3/14] 18]29| 36/37) 38 | 38 | 38 13 17 
MnSOQ,-0.5 ar 2| 9112/34|43/43/43) 43 | 43 | 43 12 16 
CuSO,- 0.04 g/liter | 7|13|15|29/39/39|39| 39 | 39 | 39 11 16 

11} 14]15|24]38/40|/40| 40 | 41 | 41 11 16 


ZnSO,-0.2 g/ liter 


TABLE 3. Effect of Microelements on Quantitative Content 
of Glutamic Acid and Serine in Corn Embryos at Various 
Temperatures of Germination (in pg N of givenamino acid) 





Experimental | Glutamic 





Serine Pomme Serine 











treatment acid acid 
. Expt. No. 1 At 7.5° for 48 hours | At 21° for 48 hrs 
: ona ming less | a eas 
Control than 0.1 1.18 1.22 | 2.27 
j Aluminum 0.59 1.48 1.28 3.30 
Copper 1.18 1.78 1.38 3.16 
Cobalt 1.28 1.47 0.89 2.07 





Expt. No. 2 At 12.5° after 24 hours At 16° after 24 hrs 























Control 0.66 3.63 -- 3.63 
Aluminum 0.99 4.95 — 3.96 
Copper 1.65 5.44 _ 4.95 
Cobalt 1.66 5.11 woe 4.62 
Expt. No. 3 At 7.5° after 18 days At 10° after 9 days 
Control 1.98 4.62 3.13 4.04 
Aluminum 4.62 5.94 3.79 4.12 
Copper 3.96 6.27 4.42 4.45 
Cobalt 2.97 4.95 3.63 5.19 
lowered temperatures (Table 2). These data thus indi- obtained through preplanting treatment of seeds in solu- 
hl cate the advantage of preplanting seed treatment with tions of aluminum. 
_ microelement solutions as compared with the more elab- It is known that in germinating seeds protein hydro- 
orate method of seed hardening with alternating temper- _ lysis is actively occurring, with formation of free amino 
_— atures. acids, which then are used for the nutrition of the devel- 
sry We have also obtained data on a positive effect on oping embryo and for construction of the tissues of the 
reased maize seed germination at lower temperatures (7.5-9°) young plant. It was of interest to study the effect of 
m at 
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TABLE 4. Effect of Microelements on Cold Resistance of Corn’ 





























State of plants after treatment with lowered temp. 
Air-dry 
No. of plants in which No. of plants after | .- | weight of 
Experimental __ injuries were found a month & 10 plants 
treatments lleaf |2leaves |3leaves| «Je 214 
vu =u = mt 
>| >| >| Sl x] BB > SHS He ieee 
S|] Pl) se] Mis] Ble Soy, Se | 2/ °° 
sifisisis olal-s Ss og 5 © 00 5 = 
|B) S|) 8/2] s(8 | SiS s9eb 726 Bi s9 
Control 4/;0/2]6)]2),41] 0; ff 6 8 7 | 4.83) 100 
H;BO, —0.2 g/liter | 6 | 0] 3 | 8 | 3 5] 0] 5 9 44 | 10 | 2.65) 139 
(NH4)2 MoO,-- 8/0] 3] 2 27 207 24 oe 3 | 13 | 3.84] 209 
0.25 g/liter 
MnSO,—0,5 g/liter} 5 | 0} 7] 5] 4 5] 2} 4] 12 7 | 10 | 2.82) 154 
CuSO, —0.04 g/liter} 6 | 9 | 4/3) 0 3:3. Bh 4 | 12 |3.24| 175 
ZnSO, —0.2 g/liter | 4} 0/3] 3] 1] 2) 12) 0 7 6 | 13 | 3.60) 197 






































Note: There were 25 plants in the experiment. 


microelements on the composition and quantitative con- 
tent of free amino acids in maize seeds germinating at 
various temperatures. This was studied by means of 
paper chromatography. It turned out that the amount of 
amino acids is small in the embryos of germinating seeds 
at lowered temperature (7.5°) and in control seeds (seeds 
treated with water), while in those treated with alumi- 
num, copper and cobalt, the amount is considerably 
greater. On germination of seeds at higher temperature 
(21°), no difference is observed in the free amino acid 
content of the embryos of control seeds and those treated 
with microelements. 
with the free amino acid content of the endosperm of 
corn seeds, the content and composition of which was 
considerably lower than in the embryo. 

The data on the quantitative content of glutamic 
acid and serine (Table 3) also confirm what was said 
about the considerable increase in free amino acid con- 
tent in the embyro under the influence of microelements, 
especially at lowered temperatures (from 7.5 to 10°). 

The increase in hydrolytic breakdown of proteins in 
the embryos of germinating corn seeds under the influence 
of microelements at lowered temperatures is evidently 
connected with their capacity to increase the activity of 
proteolytic enzymes at these temperatures. 

Experiments On The Effect Of Microelements On Cold 
Resistance Of Corn Sprouts 


These same results were obtained 








For the study of the effect of microelements on the 
resistance of sprouts to lowered temperatures, two experi- 
ments were carried out in triplicate in 1956. The first 
was begun June 21, the second, on July 28. The seeds, 
previously treated with the microelement solutions, 
were planted in sand in clay pots, to which Helriegel nu- 
trient mixture was applied. The plants were subjected to 
the cold treatment at the stage of 3 to 5 leaves. 
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The data on the effect of the microelements boron, 
molybdenum, manganese, copper and zinc on frost and 
cold resistance of maize sprouts are given in Tables 4 
and 5. In Table 4 are given the results of the first ex- 
periment started on June 21, in which maize plants at 
the stage of 3 leaves were transplanted, without previous 
hardening with lowered temperatures, from the green- 
house, where the temperature was up to 26°, into the 
refrigerator at a temperature of 0 to-0.5° for 3 hours. 
The injury to the plants was recorded at 3 days and after 
a month of low temperature action. 

As can be seen in Table 4, the control plants were 
most injured by the short-duration treatment with low 
temperatures. The greatest increase of frost resistance 
was obtained in treatments with zinc, molybdenum, and 
copper. Manganese and boron showed a lesser positive 
effect. 

In Table 5 are given the data of the second experi- 
ment, started on July 28. In view of the data present in 
the literature [1,10] concerning the positive action of 
aluminum on frost resistance of plants, the effect of var- 
ious doses of aluminum sulfate and aluminum chloride 
were also studied in this experiment. On August 22, the 
plants of this experiment at the 5-leaf stage were placed 
in the refrigerator, where the temperature was 3 to 4°, for 
48 hours. Thus, in this experiment we were concerned 
with the effect of microelements not on frost resistance 
but on cold resistance. The growth of plants, prior to 
the cold treatment, took place at lower temperatures 
than in the first experiment; the average daily temper- 
ature in August was only 13.9°; at night it often dropped 
to 7°, which created conditions of a certain hardening of 
plants, as distinguished from the first experiment. 

As can be seen from the data given in Table 5, all 
microelements studied, especially aluminum, copper, 
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TABLE 5. Effect of Microelements on Cold Resistance of Corn Seedlings 

















State of plants after a month of treatment with lowered temp. 
| 
height of 
no, of plants ee ii air-dry weight of plants 
Experimental : : 
reaument Sis f eS treated w ith not treated with 
3 ay g 33 3 2 | lowered temp. lowered temp. 
3| [28] 8leB iss |_ 
Sl/vlPs tiles | 55 
SIES SISs |.8 % of la of 
E $i8e) 2le8 (2s | | contro | OA™ |control 
Control 3/5] 3 | 4 14 18 1.52 100 4.1i 100 
H,BO, ~0.2 g/liter} 5|1| 3 | 6 | 14 | 21 1.84 121 | 4.83] 107 
(NH,)s MoQ, — 8}/0}] 5] 2 18 23 2.50 184 5.34 129 
0.25 g/liter 
MnSO,—-0. 5 g/liter 510) 6] 4 16 28 2.51 155 6.02 146 
CuSO, mi a e Aiter 14/0} 4101] 2 26 3.66 241 5.60 136 
a. 28’ iter |10|}0| 4] 1 21 25 3.76 247 6.10 148 
Al,(SO tn! g/l |10}0/5]0] 22 | — 3.98 261 _ — 
Same - Hirer 13/0) 2]01] 23 -- 4.75 312 ~ — 
, liter} 10}0} 5 }0 1] 20 — 4.24 276 aa _ 
AIcl,—10 g/y ter} 910|/6]0] 21 | — | 4.02 264 ~_ — 
Same — 8/ litej 11}0| 4 | 0 19 _ 4.13 272 _ _- 
wn. —Og/litey 216) 4]3 | 11 | — | 1.28 91 = _ 























Mote: There were 15 plants in the experiment, 


and zinc, increased the cold resistance of corn sprouts. 
The highest dose of aluminum chloride turned out to be 
toxic. All microelements, especially aluminum, copper, 
zinc, and molybdenum, increased the yield of aerial-dry 
mass of shoots considerably more in those cases where 
plants were subjected to treatment with lowered temper- 
atures than if they were not subjected to such treatment. 
In the case of the optimal dose of aluminum, a three-fold 
increase in yield was observed. 


SUMMARY 

Microelements are able to increase not only frost 
resistance, as has already been pointed out in a number 
of the papers cited, but also the cold resistance of plants. 

The data obtained in the experiments show the pro- 
spects offered by the method of preplanting treatment of 
seeds in microelement solution, when corn is introduced 
into the northern regions. 
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When the method of leaf diagnostics was first being 
used, D, A. Sabinin, in evaluating the first works of the 
French scientists Moma and Lagateu, wrote: "The meth- 
od of leaf diagnostics makes it possible for us to over- 
come to a significant degree the empiricism of the 
usual field experiments with fertilizers" [1]. D. A. 
Sabinin expressed great confidence in the future method 
of diagnosing the demands of plants for fertilizers by 
physiological indicators as a basic tool of agricultural 
chemistry control in agriculture. 

At the present time, analysis of the leaves is so 
widely used in diagnosing plant demands for fertilizer 
that the creation of a job of leaf diagnostics is a goal 
outside of our borders [2]. Thus, the application of 
mineral fertilizers under oil crops [3] in France is done 
with the calculation of data of the usual chemical anal- 
ysis of the leaves, 

In our country, methods of quick chemical anal- 
ysis of the sap extracted from tissues or reactions on 
sections obtained a large dissemination [4-6, and others]. 
Meanwhile, the diagnosis of nutrition by the usual chemi- 
cal analysis of leaves, which is more exact and suffi- 
ciently quick with modern methods of laboratory anal- 
ysis, still has not obtained the proper development. 

It is necessary to establish “critical levels” of the 
concentration of nutrient elements in the leaves and 
optimal (equilibrium) relationship between the ele- 
ments for the use of data of leaf analysis to determine 
the needs of plants for mineral fertilizers. Composite 
data on this question are presented in works concerning 
a majority of fruit and technical crops [7-11, and others]. 

The development of methods of leaf analysis ap- 
plicable to grass. crops, and also a physiological basis 
of the method of leaf diagnostics, was made in a number 
of work [12-15 and others]. In our investigations carried 
out in 1954-1959 on chernozems in Omsk oblast, criti- 
cal levels were established for the nutrition of summer 
wheat, which correspond to the concentration in the 
leaves at the end of vegetation of 2.6-3.0% nitrogen, 
0.52-0.60% P,O, and approximately 2,8-3.0% K,0. 

In addition to the percent concentration of nutrient 
substances characterizing the quantitative side of nu- 
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trition and its intensity, the relationship between the 
elements in the leaves, or the qualitative side of nu- 
trition, is also significant. 

Many facts were accumulated in the literature on 
diagnosis which suggest that equilibrium nutrition of 
a crop is a specific optimal relationship between the 
nutrient elements in the leaves [3,12,15f] and in the 
entire plant [16-18], This optimal relationship between 
nitrogen and phosphorus in the leaves shortly before 
flowering or at the time of flowering varies from 12 to 
16 (from 5.2 to 7 on conversion to P,O;) and is encoun- 
tered in plants of the most remote families. The phy- 
siological side of this effect has not yet been studied 
sufficiently. 

On the basis of our numerous experiments, it was 
established that the equilibrium nutrition of summer 
wheat can be expressed by the following equations 
characterizing the relationship between the percent con- 
centration of nutrient elements in the leaves at the end 
of flowering: 


Nw a’ P,O; = K,0*, where a? =5 
(varies from 4 to 6). (I) 


If the percent of nitrogen in the leaves at the end 
of flowering reaches the “critical level" and the rela- 
tionship between nitrogen and P,O, is greater than 5, 
then the wheat plants do not need nitrogen and they ex- 
perience a demand for phosphorus. If this relationship 
is below 5, then the plants have a surplus of phosphorus 
and need nitrogen. The degree of the demand of the 
plants for the element depends,as noted, on how wide 
or narrow is the relationship between nitrogen and P,0; 
in the leaves, and also on the percent figures of these 
elements which do not reach or exceed the “critical 
level" of nutrition in the leaves, In the presence of the 
equation (I) and other favorable conditions of the exter- 
nal environment, we established a number of interrela- 
tionships between nitrogen and phosphorus in the leaves 


* The relationship between K,O and other elements 
(N:K,O; P2O;:K,O) must in the future be made more pre- 
cise in view of our few experimental data on potassium, 
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(1 ) and grain (g) of summer wheat which are expressed 
in the following equations: 
Nitrogen in grain and leaves N(g)wk-N (1), where k 

is the coefficient of trans - 
fer of nitrogen of the leav- 
es into nitrogen of the ripe 
grain, equal to 0.9-1.0 


(15e) (II) 
or N(g)s 0,85° N(/) + 
+ 0.27 (Ila) 


Nitrogen and phosphorus in 
the grain: 


N(g) = a° PgOs(g), (II) 
where a = 2,25 


Ng) = a PpO53(1), (IV) 


where a = 5. 


Nitrogen in grain and phos- 
phorus in leaves: 


P2Os (g) @ a” PO, (2), (V) 
where a = 2,25. 


Phosphorus in grain and 
leaves: 


Equations II- V can be combined into one general equa- 
tion: 


N(g) = k N (1) sa-PqOy (g) s aPQOs(7) = (VID 


These equations (I-VI) together with indicators of 
the critical level of nutrition make it possible to charac- 
terize the quantitative and qualitative sides of plant 
nutrition, to forecast and explain the action of mineral 
fertilizers on yield, and also to serve as an estimate of 
the quality of the grain of summer wheat, This is sup- 
ported by the results of experiments presented in Tables 
1-3 and in Fig1. The method of establishing the ex- 








periments, selection and analysis of the plant samples 
were described in other work [15e, f]. 

Chemical analysis of the leaves of wheat grown on 
a field of State Farm "Elita" showed (Fig. 1A,B) that 
plants taken from nonfertilized plots and fields had an 
excessively high level of nutrition with nitrogen and, 
obviously, with potassium, but had a strongly expressed 
deficiency of phosphorus. This led to the fact that a 
clearly expressed disproportion was created in the leaves 
between the basic protoplasmatic elements (Table 1). 

We can see from the data in Table 1 that the rela- 
tionship between nitrogen and P,O, in the first three in- 
dicators exceeded the optimal quantities, which indicates 
an excess of nitrogen and insufficient phosphorus in the 
leaves of wheat grown on the fields of State Farms. 
Therefore, the introduction of nitrogen and potassium 
fertilizers was hardly reflected in the chemical composi- 
tion of the leaves (relative concentration of N and K,O 
in them increased 3-4%), On the other hand, when super- 
phosphate was applied, an increase was observed in the 
concentration of P,O; in the leaves on the average for 
two years of 12% (Fig 1,B). On the basis of the data of 
leaf diagnostics the conclusion was reached that phospho- 
ric acid fertilizers must show the basic effect on the yield 
of wheat grain on the inspected fields of State Farms 
"Elita" and "Boevoi". This prognosis was supported by 
the data 7f field [15f] and small plot [15 d,e] experiments 
carried out on State Farm “Elita” in 1957-1958 (Table 2). 

The presence of a disproportion between nitrogen 
and P,O; in the leaves of wheat on these State Farms was 
reflected on the formation of the chemical composition 
of the grain, although the grain, in contrast to the leaf 





Leaf diagnostic of condition of nutrition ofsummer wheat. A) Indicators of the 
“critical levels” of nutrition of summer wheat; B) type of phosphorus deficiency 
with excess of nitrogen and potassium for wheat planted on soils of the “Elita” 
State Farm, Heavy fine is condition at the start; dash line is the change ob- 
tained from the application of superphosphate; thin line of the circle describes 
the radius corresponding to 3,6% nitrogen — it is an indicator of the possible in- 
crease of the concentration of POs in the leaves (up to 0,60-0,72%) for obtaining 
equilibrium nitrogen, phosphorus and potassium nutrition of summer wheat; C) 
type of nitrogen deficiency for plants on a small plot on the large experimental 
field of the Agricultural Institute, Heavy line is the condition at the start; dash 
line is the change obtained as a result of the application of a complete mineral 


fertilizer (NPK), 





















TABLE 1. Interrelationship Between the Basic Protoplasmatic Elements with Equilibrium 
and Nonequilibrium Nutrition of Summer Wheat 














; Figures characterizing nutrition condi- 
ee Figure corres- _ for Mil’turum 553 wheat on 
ionshin, 8285 | ponding to chernozems' 
No. | Relationship analyzed {equilibrium state farm state farm|€xptl. farm no. 1, 
uisititicn “Elita”, "Boevoi" |Omsk agricul. 
1957-1958 11959 ‘ 
1 N: P.O; Leaves 5 (a?) 8.8 41.5 4.5 
2 N : P.O; Grain 2.25 (a) 3.1 3.34 2.27 
N Grain r : 
3 POs Tanves 5 (a?) 6.3 7.60 5.4 
N Grain e 8 
P,O05 Grain 9 3 9 3 
P.O; Leaves Bale (a) 2.02 2.35 ae 8 
N:K,O Leaves 1 1 oa ke 























TABLE 2. The Action of Mineral Fertilizers on the Yield and Quality of the Grain of 
Mil'turum 553 Summer Wheat (State Farm "Elita", 1958). 














| Conc. in leaves at end of |Comp. of grain in % of abs, dry substance 
x a |flowerin td estimate | actual 
Experimen-| > § " 
tal variant |S & . ro} *. g ‘ S 
xo 2; a] 4% QQ} 4 on a 
Uo Zz ao. x zZ Zz a. z z a. z 
Control 19.9 | 3.73 | 0.49 | 3.82 | 7.6 | 2.80 | 1.10 | 2.54 | 2.75 | 0.85 | 3.24 
4.00 | 2.80 
Ny» 19.6 | 3.73 | 0.44] — | 8.5 | 2.80 | 0.99 | 2.83 | 2.90 | 1.00 | 2.90 
0.96 | 2.92 ‘ 
Pe 25.9 | 3.63 | 0.47 —-| 7.7 | 2.72 | 1.06 | 2.56 | 2.86 | 1.02 | 2.80 
0.98 | 2.78 
NgpPe 25.8 | 3.84 | 0.45 | 3.73 | 8.5 | 2.86 | 4.01 | 2.83 | 2.84 | 0.93 | 3.02 
0.99 | 2.89 
NePaKso | 26.4 | 4.11 | 0.48 | 4.10 | 8.6 | 3.08 | 1.08 | 2.85 | 2.80 | 0.94 | 3.08 
1.04 .96 
































Note: Experimental accuracy on the grain is 2.5%, 
* First series of figures obtained from equation VI, second from VII, 


TABLE 3. Effect of Fertilizers on the Yield and Quality of 
Grain of Mil'turum 553 Summer Wheat (Agricultural Institute, 




















Note: Fertilizers were applied on the plot in 
of severe drought their action in the year of application was low, 











1956). 
uo 3 Nitrogen as % of abs. 
: ¥v $ dry weight 
Experimental |. & } Mls 
variant § § +M |Jinleaves at , 
~ @ end of in grain 
0 9 flowering 
Control 22:2 | 0.92 2.08 2.00 
Ngo 28.5 | 0.64 2.00 1.90 
NeoPeo 30.5 | 0.73 2.28 2.45 
NapoP, 27.7 1.46 2:40 2.06 
Nope 29:6 14.39] 2.57 2.32 
NooPeo Kas 31.1 | 1.38 2.89 2.65 
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apparatus, reacted less sensitively to a change in the nu- 
trition conditions. 

The relationship between the elements in the grain 
and in the leaves on calculation of the data in Table 1 
can be expressed in the following equation: 





N(g) : POs (g)s VN(Z): P2O5(2) = (VID) 


This equation sufficiently well expresses the effect of the 
relative concentration of nutrient elements in the leaves 
on the chemical composition with conditions of normal 
or excess nitrogen nutrition of summer wheat. In these 
cases equation(VII)can be used for checking the accuracy 
of the estimate of the concentration of phosphorus carried 
out according to the regular equation (V1). 

When using equation(\')and(Vi) for estimates of 
the concentration of phosphorus in the grain, one must 
consider the following features of plant nutrition. If the 
concentration of nitrogen in the leaves is close to the in- 
dicated "critical levels" of nutrition for the element,then 
the estimate of the concentration of phosphorus can be 
carried out on both parts (left and right) of equation (VI) 
or by equation (VII). With this the estimate of the concen- 
tration of nitrogen in the grain is carried out according 
to the usual coefficient of transfer [15e]. If the concen- 
tration of nitrogen and P,O, in the leaves is higher than 
the “critical levels" of nutrition. but the relationship be- 
tween them is in the ranges of optimal (from 4 to 6), then 
the more accurate estimate of the concentration of phos- 
phorus is by the left part of equation (VI). 

With the presence of a strong disproportion between 
these elements in. the leaves to the side of a significant 
predominance of nitrogen over phosphorus, the right part 
of equation (VI), that is, equation(V),and also equation (VII), 
are used for an estimate of the concentration of phospho- 
rus in the grain. In the given case, lower coefficients of 
transfer of nitrogen of the leaves into nitrogen of the grain 
are used [15e]. 

If the percent of nitrogen in the leaves is signifi- 
cantly lower than “critical level", but the relationship 
between nitrogen and P,O, is lower than 4, then the esti- 
mate of the concentration of phosphorus in the grain is 
made according to the left side of equation(VI). With this, 
the coefficients of transfer of nitrogen of the leaves into 
nitrogen of the ripe grain is nearly always greater than 
unity and ranges from 1.1 to 1.2. 

Thus, with the presence of nonequilbrium plant nu- 
trition, that is, with a relationship between N and P,O, 
greater than 6 or less than 4, that part of equation(VI1) 
where the element whose concentration in the leaves 
drops below the “critical level" of nutrition is located 
is used for an estimate of the concentration of phosphorus 
in the grain. We show this with the data in Table 2. 

The figures in Table 2 show that wheat had non- 
equilibrium nutrition because of a phosphorus deficiency. 
in connection with which the coefficient of transfer ( K) 
equal to 0.75 was used for an estimate of the concentra 


tion of nitrogen in the grain [15e]. We put the calculated 
concentration of nitrogen in the grain and data of the 
chemical analysis of the leaves in equations(VI) or (VII). 
The calculations showed that the size of the concentra- 
tion of phosphorus and also the relationship between ni- 
trogen and P,O; in the grain, obtained from the right part 
of the equations (VI) and(VII),is close tothe actual data 
(Table 2). A sufficiently accurate estimate of the concen- 
tration of nitrogen and phosphorus in the grain was ob- 
tained in all of the three-year field experiments on State 
Farms and also in vegetation experiments in 1958 and 1959. 
The error in the estimate of concentration of P,O, in the 
grain rarely exceeded 10% of its actual concentration. 

The use of leaf diagnostics on the soil of a small 
plot of the Agricultural Institute made it possible to es- 
tablish that plants were in equilibrium between nitrogen 
and phosphorus nutrition prior to the application of ferti- 
lizers, but the percent of nitrogen in the leaves was sig- 
nificantly lower than the “critical level", and it closely 
approached equilibrium for phosphorus (Fig 1, C and 
Table 1), This showed the stronger need of wheat on this 
plot for nitrogen fertilizer. The application of ammonium 
nitrate in a dose of 60 kg of grain per hectare in condi- 
tions of a wet year greatly stimulated the growth of wheat 
and increased the yield of grain, but the chemical com- 
position of the leaves and grain for this variant hardly dif- 
fered from the control (Table 3). 

An increase in the dose of nitrogen in the full ferti- 
lizer up to 90 kg per hectare aided in reaching the “criti- 
cal level” of nitrogen in the leaves and enabled us to ob- 
tain the highest yield of grain with good quality 

The action of phosphorus on this soil was less great, 
which is fully explained from the data of the leaf anal- 
ysis. 

Thus, the use of “critical levels” of nutrition to- 
gether with the established relationships between the 
basic protoplasmatic elements (N and P,O;) made it 
possible: a) to determine the basic deficiency in nuti- 
tive elements; b) to forecast and explain the action of 
mineral fertilizers on the grain yield; c) to spread the 
results of experiments with fertilizers obtained on one 
field to other agricultural fields; d) to put into practice 
a sufficiently accurate estimate of the quality of grain 
of summer wheat. 

This suggests that leaf diagnostics not only ex- 
plain the results of the field experiments, but also raise 
the empirical experimentation to the level of the scien- 
tific estimate. 

LITERATURE CITED 
1, D. A. Sabinin, Khimizatsiya Sots. Zemled.No. 1, 
50 (1932). 
2. V. V. Tserling, Pochvovedenie, No. 3 (1957). 
3. P. Prevo and M. Ollan‘e Fiziol. Rastenii 3, 554 


(1956). 
4, G. S. Davtyan, Khimizatsiya Sots. Zemled. No. 3, 
68 (1934). 





K. P. Magnitskii, Field Control of Plant Nutrition 
{in Russian] (Izd. “Znanie," 1958). 

V. V. Tserling, Udobrenie i Urozhai,No. 7, 25 (1958). 
C. E, Beauchamp, Plant Physiol. 17, 165 (1942). 
W. Thomas, Soil Sci. 59, 5, 353 (1945). 

A. Ulrich, Plant Physiol. 3, 207 (1952). 

W. Reuther and P. F, Smith, Analyse de plantes et 
problémes des engrais minéraux(LR.H.O., Paris, 
1954) p. 166. 

C. Bould, Analyse de plantes et problémes des 
fumures minerales (1.R.H.O., Paris,1956) p. 299. 
H. Lundegardh, Leaf Analysis (London, 1951). 

J. Dulac, Compt. rend, Academie d'agriculture 
de France 41, 7, 328 (1955). 


E, H. Tyner, Soil Sci. Soc, Am. Proc, 11, 317 (1947). 
N. K, Boldyrev, a) Sel’. khoz, Sibiri, No. 2, 44 (1957); 
b) Doklady Akad, Nauk SSSR 119, 1, 171 (1958)f ; 
c) Fiziol, Rastenii, 6, 73 (1959)f ; d) Doklady Akad. 
Nauk SSSR 126, 4, 886 (1959)T; e) Pochvovedenie, 
No. 11, 104 (1959);f) Sel’. Hhoz. Sibiri,10,12(1959), 
A. Yu. Levitskii and A, A. Lesyukova, Khimizats- 
iya Sots, Zemled,, No, 2 (1935), 

Ll. Kolarik, Za Sotsial, Sel.Khoz. Nauku A65, 3, 

332 (1956). 

I, Kolarzhik, Mezhdunarodnyi Sel. Khoz. Zhur. 

No. 2, 43 (1958). 


t See English translation. 























INCREASE IN PHYSIOLOGICAL ACTIVITY AND YIELD 


OF FRUIT TREES WITH FOLIAR FEEDINGS 


E. M. Pankratova 
N. G. Chernishevskii State University, Saratov 


Translated from Fiziologiya Rastenii, Vol. 7, No. 5, pp. 584-590, 


September- October, 1960 
Original article submitted March 15, 1959 


In recent years in both the USSR and abroad a great 
number of papers have appeared pointing out the in- 
crease in yield of apple trees after foliar feedings [1-8]. 

There is less information concerning the efficiency 
of foliar feedings on stone fruits, 

In one of the investigations that has been carried 
out with fruit trees, the chief attention of the investi- 
gators was directed to the effect of foliar feedings on 
- yield and quality of the crops produced, The physio- 
logical-biochemical picture of the effect of foliar feed- 
ings on plants is extremely complex and as yet has not 
been sufficiently studied. The use of fertilizer by plants 
produces great shifts in metabolism and,consequently, 
in the chemical composition of the plant under the ef- 
fect of changing conditions of the external medium, 
These shifts are very closely connected with changes in 
the activity of enzyme systems in plants, the most im- 
portant of which are the oxidation-reduction enzymes, 
The effect of foliar feeding on the activity of oxidation- 
reduction enzymes has been insufficiently studied; the 
data obtained in this field usually involve crops and 
action of widely varying mixtures in quite incompat- 
ible experimental conditions. 

However, it is known from the literature that when 
favorable timing is selected, it is possible by foliar 
feedings to affect the enzyme apparatus of leaves, par- 
ticularly the activity of oxidation-reduction enzymes, 
The work of Viasyuk and Klimovitskaya [9], who studied 
the activity of catalase and peroxidase in rye, corn, and 
sugar beet, has shown that spraying plants with salts has 
a stimulating action on the enzyme activity of plants. 
In the experiments of Mashtakov [10], an analogous re- 
sult was obtained when potatoes were sprayed with super- 
phosphate. An increase in ascorbic acid oxidase activ- 
ity in oats, cabbage, tomatoes, and other crops after 
foliar feedings has been noted by Peive and Krauia [11]. 

We know of no papers concerning the effect of foli- 


ar feedings on oxidation-reduction processes in fruit trees, 


In the present paper we report the results of our ex- 
periments on the effectiveness of foliar feedings in fruit 
trees under the conditions of the droughty Southeast, 
and their effect on the activity of a number of oxido- 






reductases and oxidation-reduction substances, Testing 
of the method of foliar feedings under drought condi- 
tions is of great interest, since with a soil moisture de- 
ficit, the substances have difficulty in getting through 
the roots, and occasionally fertilizers introduced into 
soil are left unused. 

The work has been carried out under the direction 
of the late Professor N. P, Krasinskii. 


METHODS 

Foliar feeding was tried out in the course of 
1955-1957 on cherry and apple. In 1956 and 1957, two 
students in the department of plant physiology and micro- 
biology, L, Danchenko and R. Parshina, participated in 
the work, 

In 1955, the experiment was carried out in Uchkhoz 
of the Saratov Agricultural Institute, and in the Michurin 
kolkhoz of Voroshilov region in Saratov district, using 
39 cherry trees, variety Rastun"ya and 63 apple trees, 
variety Pepin litovskii. In 1956, freezing of flower buds 
in the stone crops, because of the very unfavorable win- 
ter conditions, as well as periodicity of fruit-bearing in 
the apple, caused us to transfer the experiment to the 
orchards in the Sovkhoz Combine in Saratovskaya 
region. As experimental plants, 99 apple trees variety 
Anis Serii and Mal't bagaevskii and 291 cherry trees, 
variety Lyubskaya and Vladimirskaya, were used. 


In 1957, the experiments were again carried out in 
Uchkhoz of the Saratov Agricultural Institute using 
Rastun*ya cherry and Pepin litovskii apple. 

The trees for the experiments were selected accord- 
ing to their height, degree of flowering, and degree of 
resistance to unfavorable winter factors, Spraying was 
carried out in 1955 and 1957 by automakses and in 1956 
by a truck sprayer during three periods (approximately 
at 2-week intervals) — the end of flowering, the stage of 
young embryos, and the stage of young fruits, The nu- 
trient solution for feeding was prepared by Professor N, 
P, Krasinskii and was composed of superphosphate — 50 
g. ammonium nitrate — 2.5 g, potassium chloride — 2 g, 
boric acid — 0,5 g (per liter), The pH of the solution 
was 3, Control trees were sprayed with water. Five li- 
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ters of solution was used per tree in the case of apple 
trees, and 3 to 4 liters for cherry trees. 

The yield was collected with the aid of the agricul - 
tural workers, The quality of the yield was character- 
ized according to the size of the fruit, its sugar content 
(according to Bertran) and total acidity. 


As indicators of the physiological-biochemical ac- 
tivity of the leaf we used: the value of total oxidiz- 
ability of cell contents (accerding to Krasinskii); activ- 
ity of the enzyme dehydrases (Thunberg method), cata- 
lase (Bakh method), peroxidase, polyphenol oxidase, 
ascorbic acid oxidase (method of Povolotskaya and 
Sedenko), Of the oxidation-reduction systems, we deter- 
mined reduced ascorbic acid (according to Prokoshev) 
and glutathione (more precisely, reducing substances 
titrated with KIO;). The pH of the cell sap was deter- 





mined with a potentiometer, Eighty to 100 leaves were 
cut at 7 to 8 a.m, onthe eighth day after the second 
spraying and on the 8th and 21st days after first spraying, 


The selection of the time of sampling was not ac- 
cidental. We have found that the strongest reaction of 
leaves to the foliar feeding was obvious in the first 7 to 
9 days after spraying. Similar facts were also noted by 
Yakovleva [12]. 

However, after the first spraying, the increased en- 
zyme activity (in relation to the water control) is in 
evidence only for a few days, later falling to the level 
of enzymatic activity in control leaves, At the second 
and third spraying, the increased reaction of leaves is 
retained considerably longer, and even after the subse- 
quent decrease it is higher than in that part of the trees 
which were not fed aerially. 


TABLE 1. Effect of Foliar Feeding on Activity of Dehydrases 
and Catalase in Leaves of Cherry and Apple. 

Note. In this and following tables I, II, and III are times of 
analysis: 1) after second spraying; II) after third spraying; III) 


on 21st day after third spraying. 
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SP PRET. aot atment 


Activity of 
dehydrases 
(method of 
decoloration 
of methylene 
min) 


Activity of 
catalase (in cc. 
0.1 N KMnQ, per 
g dry weight) 
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Apple 
Pepin litovskii 


Foliar feeding 
Control 


Cherry 


Foliar feeding 
Rastun'ya 


Control 








EXPERIMENTAL RESULTS 

The data obtained on the activity of dehydrases 
and catalase in the leaves of apple and cherry are given 
in Table 1, 

As can be seen in the data of Table 1, the dehy drase 
activity in the apple leaves is high. But the regularity 
of increase of enzymatic activity after aerial feedings 
is clearly shown in dehydrases and in catalase — the tend- 
ency which is kept for 21 days after the last spraying. 

Catalase activity in the ‘eaves of both treatments 
decreases toward the end of growth, while the dehydrase 
activity does not change significantly, It is possible that 
the catalase mechanism of oxidation is replaced by the 
peroxidase type of oxidation toward the end of the grow- 
ing season, 

The increase of catalase activity in relationship to 
aerial feedings has been noticed by a number of authors 
in various agricultural crops [9,10]. 

After foliar feedings the activity of ascorbic acid 
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oxidase, peroxidase, and polyphenol oxidase is changed 
(Table 2). 

From the data of Table 2 it follows that the most 
active of the oxido-reductases studied in apple leaves is 
peroxidase; then follows polyphenol oxidase, and finally 
ascorbic acid oxidase, which has the least amount of 
activity. 

Foliar feeding has a definite effect on oxidase activi- 
ity. Thus, in all determinations in the leaves of the 
apple variety Mal't bagaevskii, ascorbic acid oxidase, 
polyphenol oxidase, and peroxidase activity is higher in 
the treatment with foliar feedings than in the leaves 
from control trees. However, in the leaves of variety 
Pepin litovskii peroxidase activity is increased after 
spraying and polyphenol oxidase activity is decreased, as 
compared with analogous samples from the control trees. 

One of the reasons for lack of correspondence shown 
by the annual data is evidently the specificity of action 
of oxidative systems in various varieties, Thus, the 














es 








ged 


st 
es is 
nally 
f 


activi- 


> 
- 


se, 
r in 


ety 


d, as 
trees. 
hown 








TABLE 2. Relationship Between Activity of Ascorbic Acid Oxidase (A) Peroxidase (B) and 


Polyphenol Oxidase (C) in Leaves of Apple and Cherry, and Foliar Feedings (in mg of as- 


corbic acid per g of dry weight) 

















Se ‘So Experimental treatment 
os v v be ; , 
Crop, variety o & £ 2 foliar feeding control 
2ele sla | B | c lA | B | Cc 
Ro te «a — 
Apple 2 1956 | I 2.54 | 8.70 | 48.90) 1.95 | 2.14 | 38.25 
Mal't bagaevskii II 2.46 | 8.60 |51.20) 1.59 | 2.14 | 38.56 
loathe. HI | 3.04 |10.48 | 55.20] 2.03 | 8.13 | 54.04 
Pepin litovskii 1957 | 1 — | 3.20 |49.08) -—- | 3.75 | 38.41 
II — | 5.76 |60.03; — 7.0 | 42.27 
Ill -— | 2.81 [38.23| — | 3.37 | 34.21 
Cherry lyubskaya 1956 | 1 2.25 | 0.76 [55.38] 0.17 | 2,03 | 36.42 
II 1.35 | 0.73 | 30.80] 0.73 | 2.414 | 28.90 
, II] 2.67 | 1,61 | 39.41] 2.13 | 1.84 | 32.65 
Rastun’ya 1957 | I — | 2.20 |65.00] -- | 3.31 | 55.65 
II - | 3.12 151,38) — — | 34.33 
Ill — | 2.44 135.76] — | 7.98 | 22.93 





























TABLE 3. Effect of Foliar Feeding of Apple, variety Pepin litovskii, on Content of As- 
corbic Acid, lodine-reducing substances, and General Oxidizability of Cell Content in 


Leaves (per g dry weight) 











Ascorbic acid con-|Content of iodine-| General oxidizability 
tent, in mg % a substances of cell content, ml 
The time of analysis : mg 0.1. N KMnO, __ 
oles con- | foliar con-| foliar 
feeding trol feeding trol feeding control 
After second spraying 183.5 168.6 4,60 3.07 280.0 214.9 
After third spraying 205.1 173.2} 5.00 4.85 299.4 | 216.2 
On 21st day after third 200.4 189.4 5.31 4.97 291 2 230.4 
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study of enzyme activity by Rubin and Sisakyan [13,14] 
in apple has shown a close dependence on the variety. 
In the early apple varieties Kitaika zolotaya and 
Grushanka, the leaves have shown low peroxidase 
activity, approaching zero; while in the late varieties 
Pepin litovskii and Slavyanka, peroxidase was active. 

In leaves of cherry varieties Rastun'ya and Lyub- 
skaya, the distribution of enzyme activity was found to 
be analogous to that of the leaves of the apple Pepin 
litovskii, i.e,, during all the time of analysis the leaves 
from the trees receiving supplementary feeding had 
more active peroxidase and less active polyphenol oxidase 
as compared to the leaves of trees which were sprayed 
with water, 

It is interesting to compare results obtained in our 
experiments with the data of Shakhov [15]. That author 
has found in many crops (oleaster, hops, hawthorn, choke- 
cherry, etc.) that an increase in peroxidase activity is 
observed after pickling, accompanied by a fall in poly- 
phenol oxidase activity. Considering that the foliar feed- 














ing of leaves with nutrient salts must at least temporari- 
ly increase the salt concentration of protoplasm and cell 
fat, it can be suggested that its action “in the short run” 
is comparable to the action of pickling. 

From the data of Tables1 and 2 we may draw cer- 
tain conculsions about the increase of energy in oxida- 
tion-reduction processes when influenced by foliar feed- 
ing. 

Rubin and Artsikhovskaya [16], and Rubin and Luti- 
kova [17] consider that the increase in oxidative enzyme 
activity, particularly of ascorbic acid oxidase, is ac- 
companied by an increase in synthetic reactions, 

The increase in synthetic reactions after foliar feed- 
ings is also indicated by the increase in ascorbic acid 
and iodine-reducing substances in leaves (Table 3). 
Among iodine-reducing substances determined by this 
method the chief is glutathione (previously this method 
was used for determination of glutathione), Because of 
this, one may suppose that, when iodine- reducing sub- 
stances increase, the glutathione content is also in- 

































creased, It is interesting to compare the amount of glu- oxide is formed during its autooxidation. The hydrogen 
tathione after spraying with increase in the activity of peroxide formed is either broken down by the catalase 
catalase and peroxidase(T ables 1 and 2), since Thurlaw present in all tissues (catalase activity is increased after 
[18], for example, believes that glutathione is the self- foliar feedings), or it may serve for other oxidative pro- 
oxidizing component of the cell, and that hydrogen per- cesses (peroxide type of oxidation). 
TABLE 4. Effect of Foliar Feeding on Yield in Cherry and Apple 
Yr. of Experi Average I 
: perimental ield n percents 
Crop, variet expt. yield irom a 
P y P treatment amare of control 
Apple 
Pepin litovskii 1955 | Foliar feeding 129, 2 132.5 
Control 97.5 100.0 
Anis seryi 1956 | Foliar feeding 39.1 119.9 
Control 32.6 100.0 
Mal't bagaevskii 1956 Foliar feeding 32.3 118.7 
Control _ 27.2 100.0 
Pepin litovskii 1957 Foliar feeding 59.3 128.0 
Control 46.3 100.0 
spiaeea 1957 Foliar feeding 11.6 178.4 
y Control 6.5 100.0 
Lyubskaya 1956 | Foliar feeding 2.8 135.6 
Control 2.1 100.0 
Rastun'ya 1957 | Foliar feeding 24.6 121.4 
Control 20.3 100,0 

















TABLE 5. Count of Fallen Fruit at Various Nutrition of Apple, variety Pepin 


litovskii (average per tree, 1957) 











Foliar feeding Control 

Month No. of No. of 

* 7 . . 

kg wt. % fruit kg | wt. % fruit 
June 0.595 1.0 43 0.859 1.9 125 
July 0.170 0.3 10 | 0.228 0.5 13 
August 2.400 4.0 42 2.600 5.4 65 
Total 3.170 5.3 95 3.687 7.9 203 



























* I, e., weight percent of fallen fruit (of collected yield), 


Oxidizability of the cell content characterizes the 
whole tone of the physiological state of the cell, After 
aerial feedings (see Table 3), there is a sharp increase 
in the amount of not-quite- oxidized substances (i.e., 
substances which can be oxidized by permanganate), 
The latter also testifies about the activation of synthetic 
reactions in the leaves after spraying with nutrient salts. 

The general increase in physiological activity after 
aerial feedings has been noted in the yield (Table 4). 

After looking at the data of Table 4, one can see 
that the yield of fruit trees varies greatly with the year. 
Thus, if in 1955 it was high, in 1956 it was very low. 
The yield was low in 1956 because of very unfavorable 
wintering conditions for fruit trees in Saratovskya region 
in 1955-1956. The small apple yield in 1956 is also 
explained by the fact that the trees had begun only their 
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second year of fruit bearing at the moment of initiation 
for the experiment. 

The data of Table 4 indicate that the salts we used 
gave an increase in the yield of apples and cherries, 
particularly significant in the 1955 yield. The increase 
in yield is also explained by a decrease in ovary fall 
under the influence of foliar feedings (Table 5). 

Most ovaries fell in June (physiological fall of 
ovaries) and in August (fall of the ripe fruits), Compar- 
ing the ovary fall under various nutrition regimes, it can 
be seen that spraying with NPK + B considerably de- 
creases such fall, The figures on fallen fruit in June are 
interesting. Control trees had lost 82 ovaries more than 
the sprayed trees. The fall of ovaries in July does not 
vary much with the treatments, The count of fallen 
fruit in August showsthat the apples from the control 
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TABLE 6. Effect of Foliar Feeding on the Quality of Fruit 





Crop, 


variety Treatment 


Percent |Acidity 





Cherry Rastun"ya_ |Foliar feeding 


Control 


Apple, Pepin 


Foliar feeding 
litovskii 


Control 





trees are less stable on the tree than the apples on the 
trees which received three foliar feedings, An analogous 
conclusion was reached by Rubin and his co-workers [1], 
This fact has undoubted practical significance for agri- 
culture. 

The analysis of fruits has shown that foliar feeding 
improves their quality, increases their sugar content and 
decreases their acidity (Table 6). 

However, while the foliar feeding of cherry with 
NPK + B in the concentration we selected leads to an 
increase in fruit size, the opposite phenomenon is ob- 
served in apple. The fruit of the trees was studied only 
in 1957, which of course is as yet not sufficient for a 
definite conclusion, It is possible that the decrease in 
fruit size in apple in 1957 may be explained by the in- 
sufficiency of root feeding while the number of apples 
initiated as a result of spraying is larger. 


SUMMARY 

1, Foliar feeding of apple and cherry with a mix- 
ture of boron increased the activity of a number of oxida- 
tion-reduction enzymes in leaves: dehydrases, catalase, 
peroxidase, ascorbic acid oxidase, while polyphenol oxi- 
dase activity decreased in a majority of the varieties 
studied. 

2, After spraying with nutrient substances, the con- 
tent of ascorbic acid, iodine-reducing substances, and 
general oxidizability of the cell content in leaves are in- 
creased, The pH of the cell content did not vary apprec- 
iably during aerial feeding. 

3. Because of the general activation of physiologi- 
cal-biochemical processes in leaves, foliar feeding con- 
siderably increases yield, decreases the fall of ovaries, 
and improves the taste qualities of the fruit obtained. 

4, As a result of observations over three years, one 
may conclude that foliar feedings are effective for fruit 
crops under the conditions of Saratovskaya region. 








. | Average 
sug ar Kaccans size of a 
ing tothe 
(per wet |nalic fruit, g 
weight) |acid) 
10,00 1.87 3.4 


9.72 1.92 2.2 


8.90 1.43 77.0 
8.20 1.47 93.0 
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* See English translation. 
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A number of investigations [1-4, etc.] have been 
carried out to determine the transformation of reserve 
nutrient substances in woody and shrub plants; these in- 
dicated that the degree of transformation of nutrient re- 
serve substances together with the change in properties 
of protoplasm are criteria for determination of the depth 
of dormancy and frost resistance of plants, 

In woody and shrub plants, transformation of sub- 
stances during passage into the dormant state takes place 
up to formation of lipoids which are accumulated on the 
surface of protoplasm, which decreases the excretion of 
water from the cell and prevents its penetration from out- 
side. These changes lead to the insulation of protoplasm 
and contribute to its resistance to the action of ice crys- 
tals, which are formed in intracellular spaces, 

The deeper the transformation of substances, for 
example, the formation of fats and protein-lipoid com- 
pounds, the greater is the winter and frost resistance. The 
more secure the linkage of lipoids and tannin-lipoid com- 
pounds with protoplasmic proteins, the more resistant the 
cells are to the action of unfavorable factors, 

In a number of nondeciduous plants of various types, 
Lidforss [5] had observed the complete absence of starch 
in their leaves and an accumulation of sugars during the 
winter, He studied microchemically 130 plants belong- 
ing to 40 different families, and in all he found clearly 
defined winter saccharophily. On the basis of his obser- 
vations, Lidforss concluded that sugars have a protective 
action against frost. He also points out that sugar ac- 
cumulation is only one of the factors in frost resistance; 

a number of other very important factors are present a- 
long with this. 

The same conclusionsconcerning the reasons for 
frost resistance were later derived by N, A. Maksimov, 
who worked on respiration of plants at temperatures be- 
low 0° [6]. 

Protsenko and Polishchuk [7], working with fruit 
crops, have established that the more frost resistant plants 
are characterized by an increased sugar content, Accord- 
ing to their data, the total number of monosaccharides 
in fruit crops is higher in the winter than it is in the fall 
Disaccharides have been found to be more plentiful in 
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the fall than in the winter, Oknina and Pustovoitova [8] 
have noted the presence of glucose and fructose in the 
flower buds of apple and cherry, while in cherry buds 
they have also found a sugar from the pentose group. 
According to their observations, the content of soluble 
sugars is sharply decreased when buds come out of dor- 
mancy. Sucrose and oligosaccharides have not been 
found in the buds in the winter by these authors, The 
absence of sucrose in buds during this period may be con- 
nected with the very small content of free amino acids 
at this time, and with absent or very slow translocation 
of substances of all tissues with insulated protoplasm, 

The position of fats, proteins, lipoids, tannin sub- 
stances, and complexes from tannin-lipoid and protein- 
lipoid compounds as reserves makes possible prolonged 
existence of plants with decreased metabolism in the 
tissues and organs, and contributes to the conservation of 
the maximum amount of reserve nutrient substances, 
which are necessary for the normal spring growth [6,8]. 
Poyarkova [9] has established that the transformation of 
substances in’ the shoots of black currant does not proceed 
as far as the formation of the fats and that reserve sub- 
stances are deposited as starch and soluble carbohydrates, 
which does not agree with our observations, reported in 
this paper. 

The present paper is a continuation of our study on 
the dormant state in fruit plants, in particular black cur- 
rant, in relation to winter resistance. We have followed 
the dynamics of reserve substances in the annual cycle 
of flower buds in black currant from the moment of their 
initiation in the summer through the dormant state, bud- 
ding and flowering, to the formation of fruits. 

The transformation of substances in the flower buds 
of black currant has been studied in longitudinal sections 
through the buds, using the microchemical methods pro- 
posed by Genkel* and Oknina [10]; the content of soluble 
sugars and of free amino acids was studied by the meth- 
od of chromatography, developed by Boyarkin[{11]. Cal- 
culation of the amount of these substances and starch was 
carried out to 5 significant figures. 

As experimental objects the first year‘s shoots, 
flower buds, flowers and fruits of black currant, variety 
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Fig. 1. Content of glucose (A) and fructose (B) in flower buds of black currant. 
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Lia plodorodnaia, were used. Samples were taken from 
‘the experimental plot of the Institute of Plant Physiology, 
Academy of Sciences of the USSR, located on Lenin's 
Hills, once a month during winter, and three to four 
times in the spring andsummer. The work has been 
carried out from 1956 to 1959, 

On studying the content of soluble sugars in the 
flower buds of black currant during the annual cycle, we 
saw the following picture: glucose and fructose were pre- 
sent in insignificant amounts in September; their contents 
then increased and from October until April were 
held almost on the same level (up to 4 points); from the 
middle of April, at the time of opening of the buds, the 
amount of glucose and fructose decreased (down to 
1-2 points), Then in the second half of May, at the 
time of flowering and emergence of leaves, the amount 
of these sugars again was considerably increased (up to 
3 points); in June again there were less soluble sugars 
(2 points), but at the time of fruit ripening, in July, the 
amount of glucose and fructose was sharply increased (up 
to 4 points). In Augustand September the amount of 
soluble sugars was small (1-2 points), but in October 
their amount increased and the cycle was repeated anew; 
we observed this from 1956 to 1959, aside from varia- 
tions due to variation in the average temperatures. 

Only once, in September of 1958,was sucrose found in 
the flower buds of black currant in considerable amount 
(3 points) (Fig. 1). 

The maximum amount of starch in the flower buds 
of black currant was accumulated in the fall in Septem- 
ber and October; it was concentrated mainly in the cells 
of the receptacles, A decrease in starch content, to its 
complete disappearance, was observed during December, 
January, February, and March, In April, an increase in 
starch content was noted, the so-called spring maximum, 
but in distinction from the fall maximum, at this time 
there is less starch in the cells than in the fall, and the 
starch grains are smaller. The spring maximum lasts a 
considerably shorter time than the fall maximum, On 





Fig, 2, Breakdown of protein-lipoid sub- 
stances and starch formation in flow buds 
of black currant. Fixed March 27, 1958, 
Beginning of breakdown of dormancy in 
the tissues of the buds, 






the average, the starch content during the spring maxi- 
mum may be evaluated as 2,5-3,0 points as distinguish- 
ed from the fall maximum, when its amount is evalu- 
ated as 4 points, The decrease in starch content during 
winter months is connected with its transformation into 
sugars, fats, lipoids, and reducing substances, 

As reserve nutrient substances in the cells of black 
currant buds,complex protein-lipoid substances are also 
deposited, which are retained [12] until April. In April, 
at the time of breaking dormancy in tissues, the break- 
down of these compounds takes place with formation of 
starch; the separation of lipoids from proteins is observec 
and the appearance of starch can be seen at first as very 
small grains, which gradually increase in size (Fig. 2). 

The data on the change in content of reducing sub- 
stances, which are determined by means of osmic acid, 
in annual shvots and flower buds of black currant have 
shown that these substances are present in considerable 
amounts in the tissues during fall and winter until break - 
ing of dormancy. 

Genkel’ and Oknina [10] have noted that a greater 
content of these substances is observed in the tissues of 
winter-resistant plants, which contain more fats with 
unsaturated fatty acids, This conclusion was confirmed 
in other works [13-15]. 

Lipoid substances are found in the protoplasm by 
means of Sudan black reagent, as a darkly stained net- 
work with nodes and by Sharlach stain as a pinkish-red 
staining also with pinkish-red nodes. 

The study of the free amino acid content in flower 
buds made it possible to establish the seasonal variations 
in their amount. 

In August,two amino acids were found in the flower 
buds; then from September until April, a few acids are 
present, mainly proline, Proline is present during all 
periods of the year, in great amount in the winter and 
the spring, and only in traces during June. Evidently, 
proline is one of the amino acids which is accumulated 
as a reserve, In April, May, and during the breaking of 
dormancy in the flower buds, the number of amino acids 
rises to 8, This number of amino acids is maintained 
during the periodsof budding, flowering, fertilization, 
and fruit bearing. In the newly initiated buds(at the end 
of July), the free amino acid content is very small. 

In samples taken in February, March, April, and 
May of 1958, in addition to proline, certain unidentified 
substances were found, developed by isatin on the chro- 
matogram as yellow and brown stripes between methio- 
nine and valine and between leucine and phenylalanine, 
The nature of these substances is not clear. Histidine is 
shown as traces in November, December, and January; 
in other months it is not found, Arginine is found in 
noticeable amounts in the fall, but from February till 
April it is present only as a trace, Large amounts of 
arginine are found in the buds in June, Aspartic acid 
is found as traces in June and July. Glutamic acid is 
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absent in the fall and is found in considerable amounts 
in February, and then it is kept on a low level in June 
and July. 

Threonine is found in buds in small amounts during 
the winter, but in April and May, during bud opening 
and flowering, its amount increases. Valine and leucine 
were found only during the period of berry ripening. 

From this data it may be concluded that the amides 
of asparagine and glutamine, aspartic acid, valine and 
leucine are acids which are synthesized by plants during 
their active growth and development: opening of the 
buds, flowering, and ripening of the fruit; during the 
period of dormancy of flower buds these acids are not 
found, as a rule. Thus, the increase of a number of free 
amino acids takes place from the moment of breaking 
out of dormancy in black currant, and reestablishment 
of protoplasmic connections, 

These data concerning the large number ot free 
amino acids in buds which have emerged from the state 
of dormancy once more support the conclusion of Gen- 
kel* and Oknina [10,18] concerning the fact that during 
dormancy, when the protoplasm in the cells is insulated, 
a decrease in metabolic rate takes place, while from 
the moment of dormancy breakdown and reestablish- 
ment of protoplasmic connections, the metabolic rate 
increases, and the breakdown of protein-lipoid compounds 
takes place, with the formation of free amino acids, 
sugars, and starch, 

SUMMARY 

A deep relationship was established between tannin- 
lipoid substances and proteins of protoplasm, and there 
is a prolonged stable state of complex protein-lipoidsub- 
stances, During their breakdown, at the time of break- 
ing dormancy in the tissues, in April, a simultaneous 
formation of starch is observed. A deep transformation 
of reserve nutrient substances in the state of dormancy, 
in black currant, characterizes the plant as a frost-resis- 
tant plant. 
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OF CO, BY WHEAT LEAVES 


I. A. Tarchevskii and S. N. Neustrueva 


Department of Plant Physiology, Kazan State University 
Translated from Fiziologiya Rastenii, Vol. 7, No. 5, pp. 595-597, 


September- October, 1960 
Original article submitted June 6, 1959 


It is known that during dark fixation of cio, , the 
radiocarbon is detected principally in the organic acids 
of the Krebs cycle and genetically coupled amino acids 
(1,2). The effects of environmental conditions on chemi- 
cal aspects of the dark fixation of gaseous carbon dioxide 
have been studied very little. Only in the laboratory of 
Nichiporovich has work been conducted pertinent to 
elucidating the effect that various nitrogen regimes have 
on the dark fixation of CO, by plants [3]. 

We set ourself the task of discovering how soil 
drought affects the formation of the products of dark 
fixation of CO,, Hard winter wheat,variety Gordeiforme 
496, during the tillering stage was used. The plants were 
raised in greenhouse pots in forest podzolsoil fertilized 
with NgsPg9Ke9. We studied wheat leaves which devel- 
oped under conditions of optimal water supply (soil 
moisture 65% of field capacity) and with soil drought 
(the sample was taken July 18, 1958,when the leaves of 
the upper storeys began to wilt. The upper storey leaves 
were cut off and placed in a ventilated light cabinet 
through which C 40, was passed (1.5 volume percent). 
The leaf samples weighed about 3 g; the period of dark 
fixation was 25 min. Each treatment was replicated 
four times, After the leaves were placed in the lighted 
cabinet no more than three minutes elapsed before the 
cio, was blown in, thereby avoiding the effect on the 
"path of the carbon" of long-lived reducers which are 
formed in the photosynthesis process in the opinion of 
certain investigators. [4]. The leaves were treated with 
boiling 80% ethanol and the products of dark CO, fixa- 
tion were partitioned into ethanol-soluble, water-soluble, 
and insoluble compounds by the method described by one 
of us [5]. 


Products of the dark fixation of CO, soluble in 
ethanol and water were partitioned by two- directional 
paper chromatography using butanol: formic acid: water 
(75:13:12) and water-saturated phenol, The chromato- 
grams were laid on an X-ray film and exposed one 
month, After the radioautographs were obtained, the 
compounds were eluted from the chromatogram and their 


radioactivity determined with an end-window counter. 
During the determination of radioactivity in the insol- 
uble residue, a correction was made for self-absorption. 

For determination of the water regime of the leaves 
studied,samples were taken for total water content (5 
replicates), free water (4 replicates) and osmotic pres- 
sure (3 replicates), Free water and osmotic pressure 
were determined with a refractometer. The free water 
was defined as that extracted from the leaves by a 30% 
sucrose solution in two hours, Curtailment of irrigation 
caused a change in the water regime of the upper storey 
leaves of wheat (Table 1). 

The total water content and the amount of free 
water decreased and the osmotic pressure increased dur- 
ing edaphic drought, This might affect the chemistry 
of dark fixation of CO:, 

From the radioautographs it has been found that a 
number of the products of nonphotosynthetic fixation of 
carbon dioxide gas are the same in wheat leaves grown 
both under conditions of optimal water supply and in 
edaphic drought. Radioactive carbon is detected in six 
compounds: malic, aspartic, glutamic, and fumaric acids, 
and alanine and serine. A trace of chlorophyll appeared 
on the radioautographs but it seems that even nonlabeled 
chlorophyll leaves a black spot on the x-ray film, The 
radioactivity of the malic, aspartic, and glutamic acids 
was determined after extraction from the chromatogram. 
The radioactivity of the fumaric acid, alanine and serine 
was not determined since it was very low. It appeared 
that edaphic drought caused an appreciable change in 
the rate and direction of dark fixation of CO, (Table 2). 

From the data of Table 2 it appears that edaphic 
drought reduces to one-half the rate of dark fixation of 
CO, by wheat leaves. This is perhaps explained by ei- 
ther a reduction in the rate of penetration of CO, gas in- 
to the cells or a decrease in available CO, acceptors. 

During edaphic drought the amount of radiocarbon 
decreases in the insoluble fraction (protein, polysaccha- 
rides and lipids insoluble in 80% ethanol). The latter, 
in all probability, is a result of the long-established fact 
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TABLE 1. Effect of Edaphic Drought on Amount of Total 
and Free Water (% dry wt) and Osmotic Pressure (in atm) 


in Leaves of Wheat 











Treatment Total water |Free water |Osmotic 


pressure, atm 





Optional water supply | 76.540.4 | 28.2+0.9 8.2+0.1 
Edaphic drought 65,24+2,.6 | 13.54-1.2 | 14.7+0,2 


TABLE 2. Effect of Edaphic Drought on Rate and Direction of Dark 


Fixation of CO, 











Radioactivity 


Optional 


water supply Edaphic drought 





Total c/m x 1074 


Insoluble compounds (% of total) 


Soluble compounds (% of total) 


Aspartic acid* 
Glutamic acid* 
Malic acid* 


* of radioactivity of soluble compounds, 


that the formation of compounds of high molecular 
weight from compounds of low molecular weight is in- 
hibited during drought [6]. The relative amount of ag 
increases in the soluble fraction of wheat leaves grown 
under soil drought. This shift in direction of the chem- 
istry of dark fixation of CO, toward a more rapid forma- 
tion of compounds of low molecular weight is just one 
evidence of a general tendency: an increase in the 
amount of low molecular weight, osmotically active 
compounds in plant tissues during drought. Of course the 
changes in specific gravity during dark fixation of CO, 
and the increase in osmotic pressure of the cell sap are 
not great, 

Edaphic drought caused a change in the proportion 
of products of CO, dark fixation and within the soluble 
fractions: an increase in the radioactivity in malic acid 
and a decrease in aspartic acid. The formation of aspar- 
tic acid during the dark fixation of CO, can be represen- 
ted as follows, The nonphotosynthetic acceptor of CO, 
is, apparently, pyruvic acid (or phosphoenol-pyruvate), 
which is readily carboxylated to form oxalic acid. The 
latter is rapidly converted to malic acid. The malic 


1504-167 741453 
2.40.2 1.20.1 


97.940.2 | 98.80.14 
69.442.3 | 54.540.4 


10.84+1.8 | 10.2+0.4 
19.8+1.4 | 35.34+4.2 








acid is converted to aspartic by amination, Proceeding 

from this hypothesis we can explain the increase in C! 

content of malic acid and a decrease in aspartic during 

drought as a decrease in the speed of the “nonphoto- 
synthetic carbon pathway" and a reduction in the rate 

of conversion of malic to aspartic acid, We have de- 

scribed earlier [7] the slowdown in the speed of the “car- 

bon photosynthetic pathway" in the plant during edaphic 
drought conditions, 
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September- October, 1960 
Original article submitted May 30, 1959 


The chinch bug (Eurygaster integriceps Put.) infest- 
ing the wheat grain locally,in a majority of cases [1-3], 
apparently disturbs the usual pattern of physiological 
processes of the tissue infested, These changes may also 
lead to an inhibition of growth and development, and 
finally, to areduction of productivity ofplants which devel- 
op from the infested grain, 

The investigations of Blagoveshchenskii [4, 5],Kreto- 
vich, et al, [1,2,3,6], Proskuryakov and Bukharina [7], 
and others, have been devoted to study of the biochem- 
ical characteristics of grains of wheat infested by the 
chinch bug. The physiological features, however, have 
been investigated very little, 

We studied the viability of wheat grains with tissues 
damaged by the chinch bug by observing their ability to 
germinate, Grains infested in the embryo zone did not 
germinate, During the process of germination,fungi, pre- 
dominantly Alternaria, develop abundantly in the embryo 
tissues of these infested seeds, The germination of grains 
infested outside the embryo appears poorer than that of 





healthy grains, The greatest lag in germination of in- 
fested grains was observed during the first three days of 
germination (Table 1), The seedlings of infested grains 
developed appreciably more weakly than seedlings of 
healthy grains, A decrease in dry weight of infested 
seedlings is apparently explained by a slower utilization 
of the materials stored in the endosperm of infested seed- 
lings. 

We also investigated the viability of infested grains 
by studying the staining of the grain (in section) with a 
0.1% aqueous solution of indigo-carmine after the seeds 
were hot-water treated, 

Using this method and luminescent microscopy of 
sections of the grain we were able to observe the ap~ 
pearance of necrosis in infested tissues of the grain, We 
observed a similar appearance in samples of the grain 
after six months or a year of storage, 

We investigated in the following way the respiration 
rate in grains infested with chinch bugs. We determined 
the respiration rates of whole grains infested with chinch bugs. 


TABLE 1, Germination and Weight of Seedlings From Wheat Grains Infested with 





























Chinch Bugs 
Germination, Dry weight of seedlings 
(mg/grain) 
Wheat variety and region adie ‘ Fit 
:; ealthy: healthy: 
healthy; infested infested | healthy | infested | | reste d 
Odessa 3* 
Baltiiskii 40 40 1: 1.00 27.0 20.0 | 1:0,74 
Sinel'nikovskii 96 46 1:0.48 32.0 25.0 | 1:0.78 
Belozerskii 52 44 1:0.85 25.0 23.0 | 1:0.92 
Odessa 16° 
Baltiiskii 48 42 | 4:0.88 | 36.0 | 47.0 | 1:0.47 
Sinel’nikovskii 90 64 1:0.74 30.0 25.6 | 1: 0.85 
Belozerskii 90 70 1: 0.78 24.4 20.0 | 1:0.82 
Odessa 16* * | 
Odessa genetic selection 68 | 33 | 4:0.52 | 47.2 | 45.7 | 1:0.33 
institute 8 | 87 | 1:0.89| 107.0 | 64.3 | 1:0.60 


* Grain harvest 1957, germinated in 3 days 
* * Grain harvest 1958,data on the lower line relate to grains which germinated in 


seven days, those on the top line in three days, 





TABLE 2, Respiration of Grains Infested by Chinch Bugs (MgCO,/hr- g dry wt) 


















































Harvest, 1956 Harvest, 1957 
Wheat variety a pee Fespira- respiration 
: healthy | infested |tion health infested : 
and region y healthy: y healthy: 
infested infested 
Odessa 3 
Baltiiskii 2.5 | 0.54 0.57 | 1:14.05 | 0.49 | 0.57 | 4:41.46 
Sinel'nikovskii 0.8 0.62 0.68 | 1:41.09 | 0.48 0.55 | 4:4.45 
Belozerskii 0.3 0.58 0.65 | 1:41.42 0.48 0.54 | 1:41.01 
Zhmelevskii 4.5 0.38 0.54 1:1,.42 0.52 0,63 4: 1.26 
Odessa 16 
Baltiiskii 2.9 0.65 0.71 1:41.09 0.38 0.46 4:14.24 
Sinel'nikovskii 0.7 0.92 0.96 4: 1.04 0.58 0.69 1: 1.20 
Belozerskii a | 0.72 0.74 1:41.03 0.69 0.74 ie 
TABLE 3, Respiration of Odessa 16 Wheat Grains Infested with Chinch Bugs 
and Infested Tissues (MgO, absorbed/hreg dry wt) 
Grain Tissue 
Harvest ne % bo a 
> a) Su > a) ee Eu 
Dae lye |2 |2 |S 2] 2) & | FE Sele Sledes 
¢|/3gig¢¢ s|¢ |3¢ SYias (e820 
elf lie §lels |28'18si29leogs 
Mar, 30,1959) 1956 15.0 | 16.3 | 1:4.4 | 21.4 | 72.8 }-4:3.4| 38.4 | 27.9] 4:41.4 
Mar. 30,1959| 41957 26.4 | 34.3 | 1:4.2 | 23.4 |] 69.1 }1:2.9) — — —— 
Dec. 13,1958! 1958 9.3 | 68.0 | 4:7.3 | 29,5 | 98.4 11:3.3) — — _ 
Mar. 30,1959} 1958 11.7 | 16.0 | 1:4.4 | 21.0 | 49.3 |1:2.3) 42.0 | 19.9] 1:2.4 














of individual infested tissues separated from the grain, 
and of healthy tissues of the same grain, We set up the ex- 
periments considering the time factor by using the sam- 
ples of grains of certain harvest years and periodically 
conducting tests with the same seeds, Respiration rate 
was determined on the basis of the volume of CO, evolved 
[8] and manometrically by the amount of oxygen ab- 
sorbed, Grain moisture was 11,5-12%, 

The experimental results showed that the respiration 
of infested grain exceeded that of the healthy controls, 
The respiration rate of infested grain decreased with time 
as evidenced by the samples from the 1956 and 1957 
harvests (Table 2), 

A series of experiments definitely showed that the 
respiration rate of wheat grains increases when infestation 
by chinch bugs is present. Tissue of grains infested by 
chinch bugs respired 2.5 times more rapidly than did the 
healthy wheat grains. The initial sharp increase in respi- 
ration of infested grains from the 1958 harvest diminished 
during the subsequent determinations (Table 3). In the 
majority of cases, the rate of respiration of infested 
grains increased within a variety as the degree of dam- 
age increased, 

It is recognized that the rate of respiration is greater 
in diseased than healthy tissues [9,10] and the affected 
tissue typically has greater enzyme activity, particular- 
ly the activity of oxidative enzymes, 

The nature of the respiratory metabolism requires 
that there be presents 1)Secretionsof the bug including a 
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number of active enzymes; 2) grain enzymes freedthrough 
tissue destruction; 3) products of grain destruction and, 
perhaps, 4) toxic substances, The latter may be formed 

















as a result of the death of tissues and move into neighbor- | 


ing tissues where they perform a protective function simi- 
lar to a low dose of a substance which increases the tone 
of the living processes and in the presence of which are 
created optimum conditions for resisting and surviving 
the infestation [9]. 

Investigation of the respiratory rate of tissues border- 
ing the infested tissue of the grain attest to the high phy- 
iological activity of this tissue (Table 3), 

Interruption of the oxidation-reduction processes of 
infested grain, apparently, is never reflected in the fea- 
tures of these processes in plants developing from the 
given grain, 

We investigated the respiration of four-day-old cole- 
optiles of healthy and infested grains of two varieties of 
wheat (Odessa 16 and Odessa 3) infested by chinch bugs. 
The results appear as follows: 


Absorption 
({ml/hr+ g wt) 


Respiration rate 


Wheat coleoptile healthy; infested 


Odessa 16 grain: 


Healthy 275.1 1: 1,37 
Infested 378.3 

Odessa 3 grain: 
Healthy 315.8 1: 1,19 
Infested 376.6 
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From the experimental data that we have obtained 
it is apparent that infestation of wheat grains with chinch 
bugs derangesthe vital functions of the grain which may 
lead to a reduction in plant efficiency and productivity, 
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Orginal article submitted February 11, 1959 


Shriveling, cracking, and premature fruit drop are 
undesirable phenomena observed in the orchards of the 
central Asiatic Republics, All of these result in a de- 
crease of yield and quality and constitute a considerable 
material loss to the fruit producing economy, Cracking 
of pomegranate fruits in southwest Turkmen causes an 
especially great loss, The fundamental cause for this 
cracking has not been studied and thus methods neces- 
sary to eliminate it have not been devised [1,2]. 

At the experimental station of the All-Union Arid Sub- 
tropics Scientific-Research Institute our three years of 
observation on the behavior of fruits and leaves of dif- 
ferent varieties of pomegranate showed that the leaves 
on detached branches without fruits dried up in 15-18 
hours, while leaves on branches bearing fruits retained 
their crispness up to 72 hours or more, The more leaves 
there were per fruit and the smaller the diameter of the 
fruit, the more rapidly it began to shrivel, Analogous 
effects were observed with peach leaves and fruits, 
These observations serve as a basis for the hypothesis 
that the leaves extract water from the fruits during peri- 
ods of plant water deficit, Leaf extraction of water from 
the fruits, particularly during abrupt fluctuations in plant 
water balance, causes cell damage in the fruits and a 
separate layer is formed at the place where the fruit 
stem is attached to the fruit receptacle, leading to the 
phenomena mentioned, This suggestion is also based on 
such indicators as transpiration, suction force and osmot- 
ic pressure of the cell sap, 

It is known that transpiration, suction force, and 
osmotic pressure of the cell sap are greater in the leaves 
than in the fruit and other plant parts, The leaves,in 
predomination over the other parts of the plants,extract 
water from the fruits during a period of plant water de- 
ficit, 

We conducted suitable experiments and obtained 
corroborative data in order to verify the correctness of 
this hypothesis, The experiments were carried out in 
the laboratory of plant physiology of the All-Union Arid 
Subtropic Scientific Research Institute (VNIISS), The 
experimental objective was to reveal the loss of water 
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by various parts of plants both separately and in combi- 
nation, 

The following experimental methods were used to 
solve this problem, At the VNIISS experimental station 
similar branches bearing equal numbers of leaves and 
fruits were cut from four varieties of pomegranate (Kzyl, 
Kazake, Kadan, Baisunskii) and three varieties of peaches 
(Elberta, Khedistanskii, and Sol'vei), Immediately after 
they were cut, the branches were placed in vessels of wa- 
ter inthe laboratory. All leaves and fruits were stripped 
from one branch, from another, only the fruits, from 
a third only the leaves, and the fourth was left unaltered, 
Thus, when the experiment began, we had leaves, bran- 
ches, and fruits separately, and leaves on branches along 
with fruits, Such a dissection permitted us to adjudge 
the loss of water from each plant part both separately 
and in relation to other parts at the same time, Each 
dismembered part was weighed initially and after 6, 12, 
18, and 24 hours had elapsed, The difference between 
the initial and subsequent weights permitted a judgement 
of the water in each plant part at the same time, Water 
loss from leaves on branches without fruits and from 
leaves on branches bearing fruits was determined some- 
what differently, A part of the leaves was removed from 
the branches initially, and subsequent parts after 
6, 12, 18, and 24 hours, Then each portion of the leaves 
removed was weighed, submerged in water for 5 hours, 
and reweighed, Through the difference between the 
weights of water-saturated and unsaturated leaves we can 
judge the water deficit of cut off branches both as to the 
water loss of leaves on branches without fruits and on 
branches bearing fruits during successive periods, 

Leaf water saturation prior to the initial condition 
was determined as follows, Leaves simultaneously strip- 
ped from the branches were divided into five equal por- 
tions, which were then weighed. The first of these por- 
tions was immediately submerged in water, the second 
after 6 hours, and then the rest after 12, 18, and 24 hours 
had elapsed, Each portion of leaves was weighed prior 
to submergence in water and after 5 hours in water. 
There was an exceedingly small difference obtained be- 
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Water Loss by Leaves of Several Varieties of Pomegranate and Peach at Various Times 
After Being Cut Off (in percent of initial weight) 








Variety 


| Leaves on branches without fruit Leaves on branches having fruits 














|ohr | ihr] ishr | o¢br| ohr | tone | is tar | 24 be 
Pomegranate 
Kzyl 32 42 55 55 14 24 26 3 
Kazake 47 28 46 52 4 10 18 22 
Kadon _ 26 41 52 58 7 11 47 23 
Baisunskii 16 29 4A 57 7 8 13 15 
Peach 
Elberta 5 34 45 50 52 20 24 29 35 
Khedistavskii 22 30 40 46 14 15 46 19 
Sol'vei 17 29 34 4i 7 12 14 22 

















tween the initial leaf weight and the weight after satura- 
tion with water, It was less during the morning and more 
during the midday hours, 

The temperature of the air where the experiment was 
conducted fluctuated in August from 35° during the day 
to 30° at night and during September, from 24° during the 
day to 21° at night, 

The experiments conducted show a definite relation 
between the water regime of different parts of the pome- 
granate and the peach, The leaves lose the most water, 
the branches less, and the fruits still less, The twenty- 
four hour water loss by separate plant parts iss up to 62% 
by pomegranate and peach leaves, pomegranate branches 
up to 29% and peach branches up to 37%, pomegranate 
fruits 7% and peaches 12% of the initial weight, The 
same partsof the plant in the different varieties lose dif- 
ferent amounts of water, Leaves on branches without 
fruits lost appreciably more water than branches having 
fruits,as can be seen from the table. 

Here it should be noted that fruits on branches bear- 
ing leaves shrivel appreciably earlier than they do on 
branches without leaves, indicating the ability of the 
leaves to extract water from the fruits during a period of 
plant water deficit, This supports the correctness of our 
hypothesis concerning the reason for fruit damage and 

premature drop, No doubt, only during favorable condi- 

tions of plant water supply are the leaves able to supply 

the fruits with necessary materials for their normal 
growth and development, On the other hand, during plant 














water stress the leaves can extract water from the fruits 
so long as the plant water balance is not restored or un- 
til the stored water in the fruit is used up, In brief, dur- 
ing conditions favorable for photosynthesis the leaves 
nurture the fruits, but during unfavorable conditions wa~ 
ter is extracted from the fruits, During periods of plant 
water deficit the fruit is a reservoir from which the 
leaves draw water, Water loss from the fruits leads to 
shriveling, damage to cells and tissues, splitting and 
cracking, the formation of an abscission layer in the 
fruit petiole,and premature fruit drop,which are linked 
with a decreased fruit yield and quality. 

From this it follows that difficulties with increasing 
fruit yield and quality must be closely connected with 
difficulties in normal plant water supply during the en- 
tire vegetative period, Deficiency or excess of soil 
moisture are, similarly, injurious both to plant growth 
and development and to fruit quantity and quality, 
Plant water supply must conform to the biological 
peculiarities of the plant and its water requirement, In 
this regard, it is necessary to consider that the drier the 
air, the higher the temperature, the stronger the insola- 
tion, and the greater the plant leaf surface the more 
copious the soil moisture must be, 
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Despite the appreciable amount of work devoted to 
the question of the biochemistry of the onion plant [1-6], 
fundamental to bulb formation and the reactions of the 
plant to photoperiod, it remains an unresolved problem 
at this time, Among works in this direction is neces- 
sary to mention the investigation of Reimers [7,8] and 
his co-workers [9]. 

In our work with the onion Allium cepa we tried to 
reveal the factors which contribute to the formation and 
normal growth of the onion, specifically under the 
stern conditions of the Polar North,and the significance 
of the polar day not only for the direction of the growth 
and development of plants but also for the trend and 
rate of biochemical processes which occur in the onion 
plant during the formation of individual organs, With 
this in mind we conducted experiments which included 
tracing the formation and accumulation of sugars in 
plants, changes in the amounts of different nitrogen 
fractions,and accumulation of dry matter during growth 
and formation of onion during a long natural day anda 
short day, 

The work was done in the Polar-Alpine Botanical 
Garden and on the experimental plots in Apatity (67° N) 
of the Kol'skii Affiliate of the Academy of Sciences of 
the USSR, under the direction of Professor Z, I, Zhurbits- 
kii. The onions were raised in greenhouses and hotbeds 


maintained with various temperatures and light regimes, 
One group of plants was held in a long natural day* and 
another group was subjectedto an 11-13 hour day (by 
covering the frame with a black cover) during the ini- 
tial period of plant growth (a short day produced by 
covering for 4 hours on June 23), Part of the plants on 
long days and short days were raised at an elevated tem- 
perature and another part at a lowered temperature, In 
the first case, the minimum temperature fluctuated from 
6.5 to 14°C and the average daytime temperature from 
11-24°C, In the second case, the minimum temperature 
was held from 3-4° to 9° and the average daytime tem- 
perature ranged from 8 to 21°. 

The data in Tables 1-4 show the close relationship 
between the effect of external environmental factors and 
onion bulb formation on the one hand,and metabolism 
on the other, 

When the first samples were taken at the end of 
June the plants on long days had already begun to form 
bulbs, At this time there were still no bulbs in the plants 
subjected to short days, Correspondingly, plants receiv- 
ing short days contained appreciably less sugar in the 





* The natural day in May consisted of 17-22 hours, in 
June 23-24 hours, in July 24-19 hours, in August 18-15 
hours, 


TABLE 1, Changes in the Sugar Content and Increase of Dry Weight of Strigunovskii 
Onion at Various Day Lengths and Elevated Temperatures ( %of dry weight) 






































Bulb or leaf base Leaves 
Date PS) oe Q 7) 
oso Vv yy 
Day length | .ampied |"'Y wt/ a3 | % aii dry wt/ | 39 i 
100 plants 5 5 100 plant & & & 
EG! # ES! 2 
Short \ | 27.VI 1.31 [12.56] 23,€6| 36.22 7.75 |13.74| 8.67 | 22,41 
Lon 3.23 | 41.58] 44.34) 55.92 6.33 [19.90 7.84 | 27.74 
8 J 
Short 4.VII 3.45 |10.88} 48.73) 59.64 11.26 Not analyzed 
Long 7.08 | 7.60] 53,33) 60.93 8.43 | 17,65] 10.417 | 27.82 
Short 27.VIIl | 69.17 | 5.44] 65.64] 71.08] 414.88 | 4.66] 3,21] 7.87 
Long 35.84 | 6:16] 74.35] 77.54 niet Ml 
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TABLE 2, Sugar Accumulation in Strigunovskii Onion at Various Day Lengths 























maa Date Bulb or leaf base ‘hal Leaves 
a . 
y teng sampled | dry weight/ |monosac- eatin kiry wt/ |monosac- 

100 plants |charides 100 plants| charides | SUCTOSE 
Short 27.VI 0,164 0.310 0.474 1.065 0.671 1.736 
Long 0.374 1.432 1.806 1.260 0.496 1.756 
Short 4.VII 0.375 1.681 2.056 Not analyzed 
Long 0.460 3.776 4.236 0.488 0.857 | 1.345 
Short 27.VIII 3.763 45.403 49.166 0.554 0.381 0,935 
Long 2,208 29.572 27.780 No leaves 

















TABLE 3, Changes in Various Nitrogen Fractions in Strigunovskii Onion at Various Day 





Lengths (in percent of dry weight) 




















Day Date N, whole plant N, bulb or leaf base N, leaf 
1 sampled ree So - 
— efleos| 8 |e |eee| Slaslseg 2 
aSlcasi § 162 !2a2!1 8 lavizay 8 
Short 27.VI 2,37 | 0.20 | 2.57 1.77 0.34 2.08 | 2.47 | 0.18 | 2,65 
Long 1.66 | 0.34 | 2.00 0.84 0.22 1.06 | 2.08 | 0.40 | 2.48 
Short 4.VII 1.91 | 0.34 | 2.25 1.87 0.21 1.08 | 2.32 | 0.40 | 2.72 
Long 1.48 | 0.33 | 1.81 0.66 0.17 0.83 | 2.20 | 0.47 | 2.67 
Short 27.VII 0.88 | 0.33 | 1.21 0.84 0.37 4.24 | 1.46 | 0.31 | 4.77 
Long — | Her — 0.92 0.35 1.27 Not analyzed 




















basal part of the onion leaves than did onions growing in 
uninterrupted natural days, However, after a certain 
time, about July 4, because of sunny, warm weather, 
short-day plants also began to form bulbs, This is ac- 
companied by an abrupt increase (36-59%) in the sugar 
content of the basal part of the leaves (Table 1). 

During this period, although the amount of sugar 
increases in bulbs of long-day plants, it is appreciably 
less (5%) than in short-day plants, Changes in the sugar 
content occur primarily because of changes in sucrose 
content, Toward the time the onion ripens the percent 
sugar in the bulb reaches 77.5% in plants on uninterrupt- 
ed long days, A decrease in sugar content of leaves is 
observed during vegetative growth, In raising the onion, 
during the initial growth period at decreased temperatures 





the formation and accumulation of sugars in short-day 
plants is slow and the bulb forms correspondingly slower, 
and at maturity the difference between the sugar content 
of plants under short-and long-day treatment is obliter- 
ated, Thus, from June 27 to July 4 the sugar content of 
short-day plants climbs from 36.45 to 51.82%, while in 
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by long-day plants the sugar content on July 4 has already 
‘ reached 63%, However, toward the end of the vegeta- 
: tive period the total sugar content (61-63% of dry weight) 
‘ in these treatments is equalized but it does not attain 
g the same high value observed in plants grown at elevated 





temperatures, Likewise, in plants raised in covered beds, 
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the percent sugar in all cases fluctuates from 60-65 % of 
dry weight. 

From Table 2 it is apparent that,in agreement with 
the increase in percent sugar in long-day plants, an in- 
crease occurs in the total amount of sugars both in short- 
and long-day plants, but at different rates, 

Interesting changes occur in the amount of nitrogen 
compounds in onion plants in relation to day length, Data 
in Table 3 show that during bulb formation the percent 
protein and total nitrogen decreases in the basal parts of 
the leaves, This is evident by comparing the data for 
long~ andshort=day plants for June 27: An abrupt de- 
crease in the nitrogen content of the leaf bases occurs for 
a short period(about July 4) in short-day plants during 
bulb formation, The amount of leaf nitrogen decreases 
somewhat during the vegetative development under long 
day conditions, 

Toward the end of the vegetative period, depending 
on the growth of the bulb,the amount of nitrogen in the 
bulbs increases somewhat,presumably in connection with 
the formation of leaf primordia, Bulb formation in plants 
transferred from short to long days takes place with a 
somewhat reduced rate of uptake and accumulation of 
nitrogen in the basal part of the plant (up to July 4); but 
about August 27, because of accelerated growth, the plants 
at elevated temperature accumulate more nitrogen than 
plants remaining continuously under long-day conditions, 
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TABLE 4, Changes in Uptake and Accumulation of 
Total Nitrogen in Strigunovskii Onion at Various Day 
Lengths (g/100 plants) 











Whole _ {Bulbs or 
may henge plant leaf bases eens 
27.VI 
Short 232.6 27.2 205.4 
Long 191.2 34.2 157.0 
4.VII 
Short 343.6 37.3 306.3 
Long 283.9 58.8 225.4 
27.VIII 
Short 1066.4 836.9 229.2 
Long _ 455.2 Not analyzed 





In treatments at lowered temperature there is a greater 
total amount of nitrogen not only in the basal parts but 
also in the entire plant which received short days, Total 
nitrogen was less than that in plants which remained un- 
der long-day conditions for the entire period (Table 4). 

With age the long- andshort-day plants differed in 
their nitrogen uptake, The average rate of nitrogen up- 
take and accumulation was less in long-day plants,which 
may be linked with a difference in the nature of the 
growth processes, 

From the data presented it is clear that the rate of 
bulb formation depends closely upon the rate of sugar 
formation and accumulation and the rate of nitrogen 
uptake and accumulation which is closely linked to the 
effect of factors of the external environment (day length, 
and temperature), Under our conditions,a quite rapid 
reaction of onion plants to alterations in day length was 
observed, 

In plants grown continuously under long natural days 
the percent nitrogen content was lower while the per- 
cent sugar and the rate of its formation and accumu- 
lation were greater than in short-day plants, Leaf growth 
was quickly curtailed and bulbs were formed rapidly in 
long-day plants at elevated temperatures, The rate of 
nitrogen uptake and accumulation was different in the 
various stages of plant development depending not only 
upon day length but on temperature effects as well. 

Short days stimulated leaf formation and delayed 
bulb formation, 

When plants were shifted from short to long days, 
the rate of sugar formation and accumulation increased, 
the amount of sugars in the plants began to increase 
rapidly, the percent sugar content rose, particularly 





during bulb formation, while the percent nitrogen in 
the bulbs rapidly fell simultaneously with a certain lag 
in nitrogen uptake and accumulation, With a temper- 
ature increase the amount of nitrogen accumulated by 
short-day plants was greater than by plants uninterrup- 
tedly under long days, Under these conditions the bulbs 
form rapidly, The greater the age of the bulb in short- 
day plants,the more the rate of sugar formation and ac- 
cumulation accelerated,and the total amount of them 
became greater than in continuously long-day plants, 
This is related to the fact that in long-day plants the 
strong effect of an uninterrupted day and elevated tem- 
perature (during the initial growth period) is rapidly cur- 
tailed by the growth processes and the onset of bulb 
maturity, As a result plants subjected to short-day in- 
fluences for 20-25 days, other conditions being equal, 
produce bulbs of larger diameter and weight than plants 
kept continuously under long days, 

It is essential to note the positive consequences of 
a lowered temperature upon the formation and growth 
of the bulbs which are much heavier and larger than 
those subjected (during the initial growth period) to the 
comparatively disruptive effect of a short day at a low- 
ered temperature, In experiments conducted under 
other meteorological conditions the weight and diameter 
of the bulbs and also the entire plant was two to three 
times greater but the differences, depending on the ef- 
fect of day length and temperature, were the same. 
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The question as to the nature of the first products of 
photosynthesis recently has been a source of lively dis- 
cussion in biochemical literature, Precisely, it consists 
of two points of view: according to one, the initial pro- 
duct is phosphoglyceric acid [1] and according to the 
second, an oxy-acid of more complex structure [2,3], 
Such a divergence of views could be a result of the dif- 
ferent methods employed by the two groups of workers 
for the fixation and isolation of the first products of 
photosynthesis, 

By avoiding the ei.ect of high temperature during 
the separation process (by fixation with liquid nitrogen 
and infrequent handling of the material at 0°C) it has 
been possible to show that the largest part of the activ- 
ity resides in the acids which precipitate in alcohol [3]. 

In as much as these data are at variance with those 
obtained by other workers [1] it is of interest to compare 
the initial products of photosynthesis in the same plants 
fixed and isolated by various methods, We used Primula 
obconica leaves in this investigation, 

Short period photosynthesis was accomplished in a 
chamber modified from the one employed earlier [3]. 
The chamber with a gas volume of 104 ml contained 
0.8 vol, %of carbon dioxide with a total activity of 
70.2 uC, Photosynthesis was carried out with 500 w re- 
flector lamps fixed at a distance of 25 cm, Leaves were 
exposed in the chamber for 20, 5, and 2 sec, 

In the first part of the work (20 sec exposure) two 
methods of fixation and extraction were compared, First, 
Benson's method [4] where the leaves were fixed and ex- 
tracted with 80% and 20% boiling ethyl alcohol, and 
boiling water,each time for thirty minutes,and then 
washed with water, Extracts were combined. In an- 
other case the leaves were fixed by killing in liquid ni- 
trogen with two fold extraction with 10% cold trichloro- 
acetic acid for three hours and subsequent washing with 
10% trichloroacetic acid. 

In order to study the extracted substance we used 
tadiochromatography [5,6], Extracts unconcentrated or 
precipitable in 60% acetone were applied to the paper 
(chromatographic paper from the Leningrad paper facto- 


ry) and dried in a stream of cold air and chromatograph- 
ed three times by the “sector” method [5] with a mix- 
ture of butyl alcohol, acetic acid and water,4:1:5, 
X-ray film XX was used to obtain the radioautographs, 

The following indicators were used for identifica- 
tion of the substances partitioned on the chromatograms: 
bromophenol, ninhydrin,aniline phthalate, para-amino- 
phenol, naphthorescinol, resorcinol, phosphorus devel- 
oper, rhodamine, silver nitrate, iron developers etc, 

In addition the chromatographs were scanned under 
ultraviolet light in a Brumberg ultrachemiscope, 

We succeeded in establishing that radiochromato- 
grams of alcohol and trichloroacetic acid extracts are 
both similar and distinctive (Fig, 1). They are simi- 
lar in that the principal radioactivity is found in unstable 
phosphate esters, These esters are developed as weak 
acids with bromophenol and react with the alcohol groups 
and with iron, They do not react with sugars and amino 
acids, 

Entry of the bulk of radioactivity into the unstable 
phosphate esters agrees well with the chromatograms of 
Metzner [7]. 

We made radiochromatograms of only three products 
extracted from the leaves (in the TCA extract they made 
up 98.6% of all C4). 


Since, according to Benson's method, an appreciable 
part of the c remains unextracted from the leaves (af- 
ter 20 sec, 36.2%), this fact alone effects a difference in 
the product which appears on the radiochromatogram. 
This difference is especially clear in the orig nal spots 
and slowly moves forward as a low radioactive zone. 
Products obtained by the Benson-Calvin method are ab- 
sent on the chromatogram. 

The slowly progressing radioactive zone, apparently, 
belongs to CO, fixed as an unstable complex, This zone 
reacts weakly with bromophenol and AgNO, and is very 
weakly absorbent in ultraviolet light, 

What is particularly important and interesting is the 
appearance of a black zone of phosphoglyceric acid 
(PGA) on the radiogram of products isolated according 
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Fig. 1, Autographs of Radiochromatograms, Exposure 20 sec. a) 





Alcohol extract; b) trichloroacetic acid extract; c) acetone pre- 
cipitate. 1) Complex; 2)phosphate esters; 3) phosphoglyceric acid; 
4) carbohydrate; 5) acid; 6) carbohydrate; 7) ketose and amino 
acid; 8) glyceric acid; 9) malic acid, 


to Calvin, This zone is absent on a radiogram of pro- 
ducts obtained by fixing in liquid nitrogen, 

The PGA was identified by the Rf of nonradioactive 
3-phosphoglyceric acid obtained from the laboratory of 
B, N, Stepanenko; by its phosphorus reaction according 
to Khenes and Isherwood and bythe reaction of bromo- 
phenol with the acid, 

There is already an indication in the literature that 
the effects of alcohol misrepresent the results in the di- 
rection of PGA formation because the labile phosphate 
esters are dissociated [7,8,9]. 
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The data presented are the result of a direct radio- 
chromatographic analysis of products of boiling alcohol 
during work with the initial (unstable) products which de- 
compose to form PGA, 

Certain differences are also observed in the displace- 
ment of the migrating zones, Certain of them give a 
carbohydrate reaction, The principal interest here is the 
zone which givesboth a carbohydrate and an amino acid 
reaction, Evidently, there is a superposing of zones and 
without a special study it is impossible to decide to 
which substance the radiocarbon belongs, The presence 
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Fig. 2. Autographs of Radiochromatograms, Exposure 5 sec; a) 





Trichloroacetic acid extract; b) acetone precipitate; c) neutral 


precipitate, 


of appreciable radioactivity has been described in a 
number of papers [10,11,12]. 

After the precipitation of the extract with 60% ace- 
tone, the acetone extract appears similar to the TCA ex- 
tract, The acetone precipitation of substances contain- 
ing a large part of the C™ indicates their complex na- 
ture, 

When exposure is decreased from five to two seconds 
only the portionsofthe zones remain which correspond 
to the very earliest products of photosynthesis (Fig. 2). 

The radiochromatogram of all TCA extracts after 
five seconds is reminiscent of the radiochromatograms 
of substances precipitated by acetone after a 20 sec ex- 
posure, Almost all of the C™ in the five second expo- 





sure is found in the phosphate esters precipitable in 
acetone, 


It was of interest to fractionate the other substances 
from the acetone precipitate in order to characterize 
them, For this reason the entire precipitate was extracted 
with TCA, neutralized, and a second precipitation made 
with 60% acetone, 


Again on the radiochromatogram a zone ot oxy- 
acid was obtained containing phosphorus and iron and 
giving a reaction with AgNO,, This zone always ap- 
peared on all radiochromatograms, It is natural to sup- 
pose that this oxy~acid is the initial product of photo- 
synthesis, 


i. 


In conclusion, I would like to express my deep ap< 
preciation to E, A, Boichenko for directing this study, 
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Since the first data were obtained [1-3] on the linked 
form of ascorbic acid in plant material ,investigations of 
this oxidation-resistant form of vitamin C, so-called 
ascorbigen [3], have moved ahead appreciably [4-6]. 

Irrefutable evidence of the existence of ascorbigen 
in cabbage was obtained by Prochazka and Kofistek 
[7]. Chemical research on ascorbigen culminated with 
its isolation [8] and a proposed possible structural form- 
ula [9] as ascorbic acid linked with 1 (3-indolyl)-pro- 
pene -2-diol-2,3. 

Investigation of the metabolism and function of as- 
corbigen began with a study of its distribution and trans- 
location in individual organs of cruciferous plants during 
the vegetative period [10-15], It has been established 
that ascorbigen is found in a majority of cases in the 
stem, growing tip and the young leaves, With tissue ag- 
ing the amount of ascorbigen decreases, Ascorbigen is 
found in large amounts in young, rapidly growing plants ; 
on the basis of its distribution and pattern of biosynthesis 
ascorbigen is similar to natural indole derivatives and 
free ascorbic acid, 

‘In our present work we made determinations of as~- 
corbigen formation in individual organs of cruciferous 
plants grown under field conditions, The determinations 
were made by the colorimetric method we have pro- 
posed [13]. After ascorbigen was separated from the 
natural products of indole it was determined chromato- 
graphically, Plant samples were taken every six hours. 

In Fig. 1 are shown the changes in ascorbigen con- 
tent of cabbage plants during a sunny four-day period 
with uniform weather (average night temperature about 
12°, day temperature 20°), The ascorbigen content goes 
through periodic maxima which appear especially sharp 
in young, growing tissues of plants,in which the ascorbi- 
gen concentration is observed to the greatest, The ascor- 
bigen content is not uniform in all plant organs and de- 
creases in the following order: stem tips with young 
leaves> young leaves > older leaves > old leaves > cen= 
ter of the stem > roots, The ascorbigen content increases 
during the day and decreases at night, A corresponding 
periodic fluctuation in ascorbigen content is also obser- 
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ved in plants of Brussels sprouts of varying ages [12]. 

From this it is evident that the periodic fluctuations in 
young leaves and the stem tip are not analogous to changes 
occuring in other parts of the stem, On this basis it can 
be suggested that biosynthesis and destruction of ascor- 
bigen occurs directly in organs of the plant [9,11]. 

We proposed that the indicated periodicity of ascor- 
bigen accumulation can be caused by light and temper- 
ature changes, We set up special experiments in order 
to test this hypothesis, 

Five-week old Kohlrabi plants grown in beds were 
held in the dark or light for two days at various temper- 
atures (Fig, 2), The ascorbigen content appeared differ- 
ent at different temperatures, It was established that the 
optimal temperature for ascorbigen biosynthesis was 22°C. 

The plants responded to the temperature changes 
initially by rapid changes of ascorbigen content which 
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Fig. 1. Changes in the ascorbigen content of cabbage 
every six hours during four warm sunny days (mg/g dry 
weight). 1) Stem tip and youngest leaves; 2) young 
leaves (5,6); 3) older leaves (3, 4); 4) old leaves(1, 2); 
5) stem; 6) roots. 
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Fig. 2, Effect of temperature and light on 
ascorbigen content in tips of Kohlrabi plants 
(mg % dry weight). 1) Stem tips and youngest 
leaves; 2) young leaves (5, 6). 


later decreased and after 30-46 hours the amount of it 
in the plant remained constant. 

In Fig. 2 the effect of light on ascorbigen formation 
is also apparent, Plants grown in the dark always con- 
tained less ascorbigen than illuminated plants, The as- 
corbigen content also depends upon the light intensity, 
Changes in ascorbigen content caused by a dark period 
are reversible, The ascorbigen content of etiolated plants 
also increased in the light, 

The effect of the two factors temperature and light 
together was revealed by certain combined experiments, 
When plants are grown in the dark at 2° and then trans- 
fered to the dark at 20° C the ascorbigen content in the 
stem tip and young leavesrises from 2.8 to 16.2 mg %, 

If plants raised in the dark at 2° are then transferred to 
20° and sunlight the ascorbigen content rises during the 
same period to 31.4 mg %, 

The ascorbigen content also increases after the same 
interval when plants are transferred from a temperature 
of 40° to 20°, although not so abruptly, We explain this 
by saying that when the temperature is below 20° ascor- 
bigen precursors are accumulated but biosynthesis of as- 
corbigen is retarded, After the plants are transferred to 
optimal temperature conditions ascorbigen synthesis oc- 
curs at an accelerated rate because of the accumulated 
precursors, At temperaturesof more than 22°, apparently, 
ascorbigen destruction predominates and the amount of 
precursors probably is smaller, Chromatographic anal- 
ysis of plants left for a long time at 40° affirm the exist- 
ence of a much greater content of specific substances T 
and S which, we are convinced, arise during ascorbigen 
destruction in detached cabbage leaves [13]. 

It is necessary to examine the experiments conduc- 
ted with pure ascorbigen isolated by Prochazka and 
Sanda [8,9]. Pure ascorbigen likewise was exposed to 
various high temperatures (up to 100°), Dry ascorbigen 
was most resistant, The stability of ascorbigen in solu- 
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tions decreased depending on the temperature and the 
polarity of the solvent, Ethyl acetate solutions of ascor- 
bigen are more stable than ethanol solutions, and its 
stability is somewhat less in solutions buffered at pH 5.5 
Ascorbigen is least stable in distilled water (at 100° it 
decomposes completely in two hours), 

Dry ascorbigen is photostable, A buffered solution 
of ascorbigen (pH 4-6) decomposes only 20% in six hours 
under ultraviolet light (Filora 125 v), Within other pH 
limits ultraviolet light strongly disintegrates ascorbigen, 

From the results presented the fact emerges that 
temperature and light are important external factors 
influencing the ascorbigen level in cruciferous plants, 

The following conclusions can be drawn from the 
research presented: 

1, Ascorbigen biosynthesis proceeds rapidly in 
young leaves and stem tips, In these parts of the plant 
there is a very clearly expressed periodicity in this bio- 
synthesis, 

2, Light and temperature exert an appreciable ef- 
fect on ascorbigen biosynthesis in plants, Ascorbigen 
biosynthesis accelerates when plants are transferred from 
dark to light, Optimal temperature for biosynthesis is 
22°. 

8, Ascorbigen in solution form is less stable to 
various influences than is the dry preparation, 
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Today, a wide variety of methods are available to 
the plant physiologist studying and analyzing plant re- 
sistance to moisture deficiency and overheating [1]. 

One of the methods widely used for the study of plant 
drought resistance is the wilting method proposed by 
Tumanov [2,3], In this method the plants are raised in 
soil in the greenhouse, Drought is achieved usually by 
cutting off irrigation for a few days, In a number of 
physiological experiments with drought it is very impor- 
tant to create sudden edaphic drought for a few hours in 
order to study the effect of atmospheric and edaphic 
drought on both the aerial and subterranean plant parts, 

All of the above requirements have been incorpo- 
rated in our modification of the gravel culture method 
which we are describing here,* 

We made the following modifications in the gravel 
culture technique in order to use it in the study of 
drought effects, Since the plants were raised indoors 
[4,5] we used two vessels, One of them, a clay pot,was 
first filled with pea gravel, The second vessel was an 
ordinary glass jar used for water in soil-culture of plants, 
The glass jar, wrapped with paper, was used for nutrient 
solution and was fitted with a special aluminum ring in 
order to hold the clay pot half submerged in the nutrient 
solution (Fig. 1). 

Gravel is convenient as an artificial medium for 
raising plants for it prevents the root system from drying 
out and furnishes favorable aeration conditions (see Fig. 
1). Water culture was first used in 1929 by Gericke of 
the University of California to produce greenhouse con- 
ditions which he called "Hydroponics." Later the 
water solutions were modified with gravel, sand, crushed 
rock, or fine cinders with periodic additions of nutrient 
solution or the dry nutrient salts, In the USSR, experi- 
mental rearing of plants on artificial media under com- 
mercial conditions was begun in 1939 by V, A, Chesno- 
kov and his co-workers in the Botanical Institute of 
Leningrad State University, 

Today, experiments on raising plants on artificial 
nutrient media are being conducted in the USSR, Ger- 
man Democratic Republic (East Germany), Netherlands, 


Sweden, England, India, Australia, and Japan, In Ger- 
many this method is being widely used in flower pro- 
duction [5]. To create soil drought, the inner clay pot 
filled with gravel is lifted out of the outer glass jar 
containing the nutrient solution and exposed for several 
hours, Wilting occurs after different intervals of time 
depending on the type of plant, To study atmospheric 
drought the two vessels are placed in a dry-wind cabinet 
so that the effect of atmospheric drought can be stud- 
ied under optimal plant moisture supply. 

The work was conducted with tomate plant variety 
Early Anna and sunflower variety Zhdanovskii 8281 with 
control plants also hardened to drought [6], The tomato 





Fig. 1, Experimental hydroponic setup for study- 
ing wilting. 


*We offer our sincere thanks to Laboratory Technician 
N. D. Pronina who assisted in the work. 












TABLE 1. Growth and Weight of Sunflower Plants (bud stage) 































































TABLE 2, Yield of Early Anna Tomato in Sand and 
Gravel Culture 








Treatment Total fruit weight, g 
Sand 
Control 978.0 
Hardened 1559.6 
Gravel 
Control 1230.6 
Hardened 2241.4 





seedlings were first grown in sand and were transferred 
to the gravel culture when they were two-weeks old, 
Seeds of sunflower and maize were sown into the gravel 
directly, The experiment was conducted using the nu- 
trient mixture of Chesnokov and Bazyrina [7] as follows: 


Ca(NOs3) 00 g/liter 
NH{SO,4» 16 

KNO, 40 

Mg SO, 28 
KHPO, 14 

FeCl, 06 

HBOx 07 

Mn SO, 05 

Zn SO, 01 

Cu SO, 002 


The nutrient was changed once each month and 
the amount of water lost through evapotranspiration was 
replaced daily so that the inside clay pot remained half 
submerged in the nutrient solution, These conditions for 
raising the plants in gravel culture are good with respect 
to aeration, i.e.,half of the plant root system, including 
the root collar, is in the gravel and not in the nutrient 
solution, Good aeration and plant mineral nutrition have 
very beneficial effects on the plant growth and develop- 
ment as Table 1 shows, 

We have experimented with the technique of filling 
the pot with sand instead of gravel, i.e., poorer aeration 
conditions, This very quickly depressed the growth and 
yield of the tomato plants (Table 2), It should be noted 
that the number of root hairs was appreciably greaterin 
pots filled with sand, 
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Gravel culture Soil culture 
Treatment 
growth, cm weight, g growth, cm | weight, g 
Unhardened 116.4 241.8 84,0 174.5 
Hardened 120.7 259.7 89.8 193.2 











Fig. 2. Effect of sudden brief edaphic drought on 
control (left) and hardened (right) Early Anna 
tomato plants 


The possibility of increasing drought resistance by 
presowing hardening allows us to determine the range 
of drought tolerance of a plant species or variety [8]. 
The tomato pots were removed from the nutrient solu- 
tion for six hours during the study of edaphic drought, 
In these experiments an abrupt fall in turgor was ob- 
served in unhardened plants while hardened plants re- 
mained still almost at full turgor (Fig, 2), Atmospher- 
ic drought was studied in a dry-wind cabinet at the 
Artificial Climate Station (phytotron) of the Institute 
of Plant Physiology. The air temperature varied be- 
tween 40-45°C, the relative humidity 25-27% and wind 
speed 7-9 m/sec, A certain change in colloid-chem- 
ical characteristics was observed in the hardened plants; 
typically they had a much higher protoplasmic heat 
tolerance, elasticity, and viscosity (plasmolytic method) 
probably because of which they more easily withstood 
the edaphic soil drought and the combination of atmos- 
pheric and edaphic drought (Tables 3 and 4), The photo- 
graph (Fig. 3) shows the effect of two atmospheric 
droughts on the control and on the hardened tomato plants, 
The hardened plants were also characterized by a 
more sturdy root system, i.e., an increase in total root 
volume and active absorbing surface,which in turn 
conferred a much greater endurance of drought (Table 
5) and increased the yield of the hardened plants (2.24 
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TABLE 3, Protoplasmic Viscosity and Elasticity in Tomato Leaves (Early Anna Variety) After 
Edaphic and Atmospheric Drought (in min) Flowering Stage 











Tenens Before drought | After edaphic drought | After dry wind Viscosity after 
visc elast visc elast visc elast dry = ' dry 
Control 21 5 27 8 36 4 43 
Hardened 25 6 30 11 37 7 48 























TABLE 4, Heat Tolerance of Leaves of Early Anna 











Tomato 

Stage 
Treatment 1st true leaf} flowering | fruiting 
Control 43 46 44 
Hardened 47 48 49 











TABLE 5, Volume, Total, and Active Absorbing Surface of Early Anna Tomato 


Roots (Flowering Stages) 





























Before dry wind During dry wind After dry wind 
Treatment vol. | total} active |vol. | total | active | vol. | total | active 
Control 13.8 | 6.322 | 2.984 1 8.052) 4.832 13.2 |} 4.934] 3.642 
Hardened 15.3 |9.464| 5.224 | 14 10.842} 5.246 | 14.6 |7.234] 3.846 








kg) compared to the control (1.23 kg). With the method 
given it was very convenient to study the root system 
since the time required to wash out the root system was 
inconsequential and did not cause any of the damage 
associated with the prolonged washing that usually oc- 
curs in experiments where the plants are soil-grown, 
Moreover, new data concerning the role of the root sys- 
tem in metabolism, particularly its ability to synthesize 
amino acids,amides and proteins, permit us to consider 
study of the physiology of the root system as a very con- 
crete objective of contemporary science.concerning it- 
self with the life of plants, In gravel culture it is con- 
venient to study the effect of atmospheric drought on the 
synthesis activities of the plant root system, In our ex- 
periments the plants were subjected to dry winds for 

6-8 hours at 42° C, after which the shoot was cut off 
and a glass tube was fitted onto the stump [9]. Samples 
of sap were taken for 24 hours, The effect of dry winds 
on the synthesis activity of the root system was calcu- 
lated and also determined by analysis of the plant sap, 
By calculating the rate of exudation we detected (Table 
6) that in sunflower plants raised in gravel culture the 
amount of exudate as well as the amount of mineral nu- 
trient elements nearly doubled compared with plants 
grown in soil, which speaks for the favorable effect that 
gravel culture has upon the supply of mineral nutrient 
elements to organs of the shoot. 


We studied the after-effects of dry wind on hardened 


and unhardened plants, i.e., it was interesting to eluci~- 





















date how the synthesis activity of root systems, which had 
been interrupted by dry wind, was reestablished [9]. 
With this in mind we analyzed the plant sap two days 
after a dry wind (Table 7). 

The data for Table 7 show that the influx of min- 
eral nutrient elements rises quite appreciably in hardened 





Fig. 3. Effect of two atmospheric droughts on control 
(left) and hardened (right) Early Anna tomato plants 
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TABLE 6, Exudation of a Single Sunflower Plant (m1/24 hrs) 








Gravel culture Soil culture 





Treatment (Conditions 


juvenile | budding janthesis | juvenile | budding | anthesis 





; Control 9.50 | 19.21 | 12.42 | 3.37 9.64 | 5.0 
Unhardened |i Dry wind | 38.48 | 15.36 7.72 | 2.47 5.82 | 4.0 
(Control | 10.85 | 17.28 | 13.44 | 3.93 | 42.82 | 6.40 
Hardened \Dry wind | 4.35 | 11.64 9.30 | 4.57 4.67 | 3.05 











TABLE 7, Aftereffects of Dry Wind on Sap Composition of Hardened 


and Unhardened Plants 





























Less nitrogenous materials, 
Loss of total nitrogen Ratio, 
Treatment | Rate free or- amino organic to 
ganic NHgs-N |NOg-N and amidg Mineral N 
Sen ied acids me Sak 
Unhardened 10.20 1.23 4.05 43.9 47.9 1,60 
Hardened 15.38 3.09 0.9 31.3 63.6 4.56 











plants, from which we forsee, on the basis of the rate of 
sap exudation, an increase in the amount of free organic 
acids, a sharp increase in the amount of amino acids and 
amides, and in rate of conversion of mineral nitrogen 
compounds iuto organic, Consequently, in hardened 
plants there is a more vigorous recovery from dry wind 
damage to the synthesis activity of the root system than 
occurs in the unhardened plants, 


SUMMARY 

A simple modification of the hydroponics method 
for physiological investigation of the effect of soil and 
atmospheric water deficiency on plants is proposed by 
the authors (Fig. 1). 

The effect of soil drought on presowing drought 
hardening is shown in Fig, 2, Unhardened plants lost 
their turgor whereas the hardened ones retained it (Fig. 
2). The aftereffect of a two-fold air drought on the 
yield of control (left) and hardened (right) plants is re- 
presented in Fig. 3, The modified method described 
here permits one to create soil drought in a short time 
(during several hours), This circumstance is very impor- 
tant for the solution of a number of problems pertaining 
to the physiology of drought resistance, 

With gravel cultures it is possible to study the effect 
of atmospheric drought in the phytotron under conditions 
of normal or insufficient water supply (in particular sim~ 
ultaneous soil and atmospheric drought). 











The method is very convenient for studying the syn- 
thesis activity of roots during droughts and also for 
studying the aftereffect of the latter, Finally, the effect 
of drought on the physiology of the root system can also 
be studied, 
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The method proposed by Nichiporovich [5] has been 
used with great success in recent investigations of the 
comparative drought resistance characteristics of plants 
[1-4]. This method is seldom called a method for the 
determination of water-retention ability of plants, How- 
ever, we ought to agree with Tyurina [6] that the water- 
retention ability of plants is that value determined by 
the suction force of the colloids of the cell protoplasm, 
since the rate of wilting and release of water by living 
leaves or shoots to dry atmosphere is an integral indica- 
tor of the manifold characteristics of plant drought resis- 
tance; the rate of water exchange [7], changes in the 
ratio of bound to free water [7], resistance to water de- 
ficiency [2, 3] etc. 

In the present work we attempted to adapt the des- 
iccator method of Genkel* [2] by construction of an ap- 
paratus which would allow us to follow with sufficient 
exactness the rate of water loss of those parts of plants 
placed in the desiccatoror another chamber having 
constant atmospheric conditions, 

We intended to combine the essentials of several 
methods in one apparatus; a) Genkel's method — deter- 
mination of the ability of plant tissues to go without 
water; b) Nichiporovich's method — determination of 
plant water-retention characteristics; c) Smirnov's 
method — study of the rate of shrinking of leaf colloids; 























Fig. 1. Diagram of apparatus using 
a tube, mirror, and dynamometer 
(Description in text) 






d) Kolpikov and Teterin's method — use of an optical 
tube, dynamometer, and mirror for exact determination 
of water loss; e) the possibility of adapting the appara- 
tus to self-recording of the curve of change in plant 
tissue water content (after Kolpikov and Teterin), 

We based our method on the use of a desiccator, 
but the external apparatus can monitor any other cham- 
ber. 

To obtain the intended resolution we used a sensi- 
tive spring dynamometer, mirror, and a telescope (Fig, 
1). The dynamometer tube was mounted on the lid of 
the desiccator (Fig. 2). The method proposed is carried 
out as follows, 

Assuming that the mirror surface A F (Fig. 1) is 
perpendicular to the plane of the sketch (Fig. 1), the 
line ny nN, will be reflected from the mirror K onto the 
scale 1!',, which is immovably fixed on the telescope, 
A prolongation of the optical axis of the telescope in- 
tereects the plane of the mirror at point K, Lines Kn, 
and Kn, will be normal to the plane of the mirror AF, 
Under these conditions we will see in the telescope the 
image of the part of the scale ny nz. The mirror AF 
rotates about an axis O perpendicular to the plane of 
the diagram (Fig. 1). The telescope hair fastened par- 
allel to the axis of mirror rotation will coincide with 
ny in the starting position, After loading a weight Q 
onto the tube dynamometer, if we look through the 
telescope, the hair will fall on point ng on the scale, 
This occurs because under the influence of the weight 
the mirror alters its position, The mirror in rotating 
into a new position will move through the angle a and 
the hair will move to position ng. The absolute differ- 
ence in readings will permit us to follow quite accurate- 
ly a rapid loss of water from the load in relation to 
time and experimental conditions, The apparatus it~ 
self is shown in Fig. 2, The results of one of these ex- 
periments is presented as an example in Table 1, 

The data in Table 1 show that the differences in 
position of the hair on scale (See Fig. 1)112, are di- 
rectly related to the weight on the spring, As long as 
the position of the reflected image of the telescope 
hair on the scale is known, the loss of water from a 
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TABLE 1, Tabulation of the Position 
of the Ocular Hairs on the Scale 
with Various Weights on the Balance 








N Mass, Initial | Final 
© lof wts, g|reading | reading 
1 0 0 
2 4 _ 37.5 
3 0 0 
4 0.5 19.0 
5 0 0 
6 0.4 15.2 
7 0 0 
8 0.2 7.9 
9 0 0 
10 0.5 19.0 











Note: The mass of weights was selected 
so that the elastic limit of the spring 
was not exceeded, 


TABLE 2. Study of the Trend in Wilting of Leaves 
of the Middle Storeys of Capsélla Bursa-pastoris 
Mnch. (per gram of leaves) 











Reading Time Position of 
hair on scale 
1 9:30 A.M. 37.0 
2 9:42 A.M. 34.7 
3 9:48 A.M. 33.7 
4 10:00 A.M. 32.4 
5 10:11 A.M. 30.4 
6 10:40 A.M. 29.0 
7 11:20 A.M. 26.0 
8 1:25 P.M. 17.2 
9 2:30 P.M. 13.5 
10 3:00 P.M. 11.5 
11 3:45 P.M. 9.1 








plant sample will result in a corresponding shift in the 
image on the scale, It is simple then to graphically 
relate the differences in positions of the image on the 
scale to time during the experiment, Therefore, it is 
not necessary to periodically weigh the sample on an 
analytical balance as is done in the method of Nichi- 
porovich [5]. 

The precision of our apparatus reaches 0.02 g in 
determining changes in the weight of sample losing 
water during wilting (with the scale one meter from 
the mirror), If the experiment demands greater pre- 
cision, then the distance between the mirror and the 
scale must be increased, 

Our apparatus may also be used for studying the 
rate of swelling of colloids if the sample is suspended 
in the dynamometer tube beneath the lid of a desicca- 
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tor containing 10% H,SO,. Under such conditions the 
desiccatorholds the relative humidity of the air inside 
at 96%[8]. The rate of weight increase as the colloid 
swells will be revealed by the position of the image 
of the hair on the scale, This allows us to readily 
graph the rate of swelling of plant tissue colloids, If, 
on the other hand, it is necessary to study the rate of 
change in the water-retention force of tissue colloids, 
the desiccator is first dried out with calcium chloride 
or other strong desiccarts. 

In order to study the weight of plants weighing 
more than one gram, it is necessary to have a dynamo- 
meter tube of somewhat larger diameter and a less 
flexible spring, Another variant is also possible: we 
can have a series of springs with various elastic limits 
of residual deformation, Then, depending upon the 
objective of the experiment we can insert various 
springs in the dynamometer tube and verify the readings 
of the apparatus as shown in Table 1, 

Our apparatus permits a study of the rate of water 
loss by plants during the wilting process and under nat- 
ural conditions, In this kind of study the apparatus (Fig, 
2) is set up directly in the field without the desiccator. 
If weather (wind, rain.etc.) interferes with the observa- 
tions it is necessary to put the support for the dynamo- 
meter tube into a plywood box and continue the obser- 
vations, In experiments with Shepherd 's-purs2, Capsélla 
Birsa-pastoris, during March and April 20, 1958 (maxi- 
mum air temperatures 26,.6°C, minimum—14°C, aver- 
age relative humidity 45%, calm) we obtained the fol- 
lowing data (Table 2) at Stavropol" in the Caucasus, 

The method we have presented is more rapid, re- 
quires no tedious weighings on the analytical balance 
and subsequent calculation of the data into percentage 
and other comparative values, It directly obtains ob- 
jective data for plotting curves of the trend in plant 
water loss during wilting. Not only that, but the method 











Fig. 2. A general view oi apparatus for study of 
plant ability to endure wilting and tissue water 
stress and for determination of rate of tissue swell- 
ing after severe leaf wilting 














makes it possible to more fully investigate this process 
not only in the laboratory but also under field conditions, 
Simplicity of construction and the possibility of using 
ordinary field binoculars as a telescope, lead one to hope 
for a wide use of our proposed method for a detailed 
study of the rate of water loss during wilting, the ability 
of plant tissues to swell in moist air, transpiration during 
wilting, and other processes taking place in plants both 
under natural conditions and in the controlled environ- 
ment chamber, 


SUMMARY 

The desiccator method of Prof, Genkel is extended 
by us. This is attained by using a sensitive spring dyna- 
mometer, a small mirror and a telescope (Figs. 1 and 2). 

The tube with the dynamometer is fitted into the lid 
of the desiccator. Changes in the weight of samples of 
the plant rotate the axis of mirror F, Deviations of the 
mirror are reflected on the scale /1, and the wilting 
rate of the plant (sample) can be determined from the 
magnitude of the displacement, As described above our 
apparatus can be employed to determine the capacity of 
plants to endure dehydration (by the Genkel’ method), 
to determine the water retaining capacity (by the Nichi- 
porovich method), to study the dynamics of swelling of 
plant tissue colloids (by the weight method) and for de- 
termination of wilting transpiration, 





By connecting the lever of the dynamometer spring 
with the axis of the recorder our apparatus can be used 

in various problems related to the wilting endurance of 
plants, 
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In a number of districts in our country there are 
periodically recurrent droughts in places where wheat, 
the most valuable grain crop, is produced, In arid dis- 
tricts with little precipitation which is irregularly destri- 
buted during the different growing periods, irrigation of 
agricultural crops is one of the most important measures 
of drought control, In some Far South districts agricul- 
ture is altogether impossible without irrigation. 

The Party and the Government provided a number 
of measures for drought control from the very first days 
of the Great October socialist Revolution, Among these, 
irrigation occupies a most prominent place upto the pre- 
sent day, 

Notwithstanding the fact that irrigation is one of 
the oldest agricultural problems, the application of irri- 
gation in plant physiology was begun in the 1930's, The 
Soviet scientists were the pioneers in this field; they 
inaugurated the new sector of physiology — the physio- 
logy of the irrigated plant, One of the prominent plates 
among these scientists is occupied by the author of the 
reviewed monograph, 

The treatment of physiological problems in irrigated 
plants is of great import in establishing rational standards 
of hydration and the system of agricultural measures in 
irrigational environments, 

Agricultural practice also presents problems to 
plant physiology of creating special physiology, i.e., 
physiology of individual crops. The reviewed monograph 
is dedicated to the physiology of the most valuable grain 
crop — that of summer wheat, The author and his co- 
workers in the laboratory under his leadership investigated 
the most important physiological functions of wheat; 
special attention was paid to the interaction of these 
functions in the organism as a whole, He accumulated 
during many years of his work in irrigational environ- 
ments of Saratov, Kuibyshev, Kursk and Rostov regions, 
enormous, exceptionally interesting and valuable 
material on physiology of irrigated summer wheat, sys- 
tematized and generalized in the monograph, the impor- 
tance and timely publication of which leaves no doubt 
considering the statements above, The publication of 
this book is a great event in phytophysiology. 

The reviewed monograph consists of two parts, The 
first part — "The ontogenetic development of wheat and 
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value of water supply and. mineral nutrient” is essentially 
devoted to the problems of biology and physiology of 
wheat development, The chief point in this portion of 
the monograph is devoted to revealing the value of water 
supply and mineral nutrient in wheat ontogenesis, The 
second part — "The effect of irrigation and mineral nu- 
trient on the dynamics of the physiological processes, 
chemical processes and anatomical structure of wheat", 
a detailed summation, is devoted to the existing literature 
on these questions, also basic data by the author and his 
co-workers are stated on summer wheat physiology de- 
pending on one or another environmentsof irrigation, In 
concluding the second part of the study, the author poses 
the problem of clarifying the physiological properties of 
summer wheat varieties that are necessary for irrigation 
environments as well as establishing physiological char- 
acteristics in plants for irrigation requirements, 

The first part of the monograph is interestingly con- 
ceived, It consists of four chapters:1) initial growth and 
development of summer wheat; 2) formation and differ- 
entiation of reproductive organs, growth of leaves, stems 
and spikes; 3) flowering; 4) ripening. In this part an al- 
most exhaustive summation of summer wheat physiology 
is given, An attempt to create a similar summary was 
made in his time by I, M, Vasil’ev ("Studies on Wheat 
Drought-Resistance," 1929), In its time it was a study 
of great value, At this time, of course, that summary 
is obsolete, A. I, Nosatovsky's monograph on wheat 
biology (1950) contains little material on physiology of 
this crop, Thus, this part of the monograph can be con- 
sidered unique, 

In the first part of the monograph its author dis- 
cusses step by step the physiology of summer wheat in 
its ontogenesis as well as the effect of factors in the ex- 
ternal medium at different periods of its ontogenesis, 
This presents an absorbing interest for understanding how 
the crop‘s structure piles up in these circumstances from 
its separate elements, which is very important even to 
agricultural workers, especially to those who want to 
understand the mechanism of the yield, as related to 
precise agrotechnical measures, and want consciously to 
manage its creation, From this point of view a high 
evaluation should be placed on the first part of the au- 
thor's study, 
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In the first chapter the author succeeds in giving a 
thorough biological basis to different methods of irrigation, 
norms and terms of watering based on wheat morphogen- 
esis in its early stage of development. Morover, the au- 
thor is not content merely with the morphological de- 
scription of the root system, but he also broadly uses the 
physiological approaches in this field, such as: dissection 
of the root system into a general adsorbing and an active 
absorbing surface, the evaluation of the root system's role 
not only as an organ of water and nutrient substance ab- 
sorption, but also as an organ possessing a high synthe- 
sizing capacity, 

The center of attention in the second chapter is de- 
voted to the extent and character of reproductive organ 
differentiation; also the question of leaf and stem growth 
is discussed, It is difficult to overestimate the importance 
of this chapter, In it the author successfully generalized 
his own numerous data, compared it with literature sources 
and as a result of painstaking study analyzed many 
important phenomena, among which we shall mention 
a very important one — plant drooping. The author dis- 
cusses many theories of plant drooping, quite correctly 
indicates a unilateral approach of each, underlines the 
complexity of this phenomenon and very. reasonably re- 
commends the application of a complex of agrotechni- 
cal measures which includes rational irrigation methods, 
fertilizers, and planting methods, also the selection of 
varieties resistant to drooping. 

The third and fourth chapters occupy relatively 
little space, but due to a definite compilation — they 
are devoted only to flowering and ripening — they also 
have significant interest, The reader will find original 
material here for the analysis of one of the most impor- 
tant phenomena in cultivation of bread grains — over- 
granulation, as well as grain sickliness, 

Thus, vast data characterizing summer wheat in 
ontogenesis are given in the first part of the monograph. 

Such a complete study of the growth and develop- 
ment of wheat closely related to agricultural ecology 
is advantageous to irrigated agriculture, where unlimited 
opportunities are created for managing the vegetating 
organism, 

Despite all the evident merits in the above men- 
tioned part, there are also defects, 

In the discussion of some problems some individual 
studies are omitted, Thus, for instance, the author did 
not use the study of I, V. Krasovskaya on establishing a 
relation between the development stage of bread grains 
and emergence of leaves, No reference is made to some 
studies on the activity of trace elements in drought etc, 

In the second chapter the significance of critical 
periods in plants is mentioned in irrigational agriculture 
environments, The author should have spoken not of 
critical periods, but of irrigation timing in wheat onto- 
genesis in relation to the need of creating the most fav- 
orable crop structure. There is one critical period in 










bread grains, while it is general in annual plants, Water 
deficiency can cause total spike sterility at periods from 
the beginning of maternal pollen cell formation up to 
flowering and fertilization inclusive, This is the critical 
period. This situation in plant ontogenesis is also vin- 
dicated from the evolutionary point of view. Therefore 
the critical period problem should have been referred 

to chapter 3 ("Flowering"), and treated more adequately 
since there are at present a number of interesting studies 
related to biology and physiology of flowering and ferti- 
lization of grains — and in relation to these the problem 
of the critical period should be treated in a modern 
sense, 

These are the most pertinent remarks on the first 
part of the monograph, 

The second part of the monograph —" Effect of irri- 
gation and mineral nutrition on dynamics of physiologi- 
cal processes, chemical composition and anatomical 
structure of wheat" — consists of 5 chapters (5,6,7,8 and 
9). In each chapter an interesting resume of studies is 
given, 

In chapter 5 the author states in detail the results of 
studying the effects of irrigation and mineral nutrition on 
the plant's water regimen (total, free and combined, 
water plasma penetrability, its viscosity, suction force, 
osmotic pressure, transpiration,etc.), also on photosyn- 
thesis, respiration and increased growth of dry substance, 

Because of broad coverage and meticulous care the 
author undoubtedly succeeded in presenting new con- 
cepts, He followed the daily progress of the most impor- 
tant function of leaves in a general manner and by anal- 
ysis diagnosed the needed rate of providing plants with 
water as well as nutrient elements, 

In the next chapter (6) the changes in the plants’ 
chemical composition are studied as related to the dif- 
ferent water and nutrient regimens, It is conclusively 
shown that a differential accounting of different forms 
of sugars and nitrogenous substances in their dynamics 
which allows a quantitative expression of the direction 
of synthetic and hydrolytic processes may serve as a 
method for evaluating the effectiveness, under definite 
conditions, of applied irrigation and nutrient regimens 
of plants, The theoretical and practical significance of 
these conclusions evidently need no explanation, A new 
concept is also promulgated by the author on the problem 
related to grain ripening’ physiology, It is known that in 
environments of high soil humidity the high synthesizing 
capacity of leaves notwithstanding, a relatively small 
quantity of protein substances is accumulated in grains, 
The author merits praise because not only did he explain 
the reason for this phenomenon, but he also devised and 
explained measures directed toward a higher protein con- 
tent in wheat cultivated in irrigation environments, 

Chapter 7 — "Changes in anatomical structure of 
wheat's leaves and stems,” based primarily on original 
materials of the laboratory under the author's leadership 
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is valuable, among other things, by the fact that new 
data is promulgated on understanding anatomic features 
of wheat. 


In drought the usual features of xeromorphic structure 


are acquired — chiefly adaptations which increase the 
flow of water are enlarged, However, in environments 
of irrigation and the use of mineral nutrient, mesomor- 
phic features are intensified, And conditions can be 
created which contribute to a development of anatomic 
features in the plant related to an intensified synthetic 
activity which secures the most productive use of the in- 
creased quantities of water and nutrient substances in the 
soil, Guided by Michurin's studies the author established 
furthermore, that as a result of systematic plant culti- 
vation with optimal supplies of water and mineral nu- 
trient, these beneficial anatomic features become he- 
reditary. 

Chapter 8 — one of the important sections for se- 
lection, In this chapter, based on data in the literature 
and his own experiments, the author concludes that 
summer wheat varieties for environments of irrigated 
agriculture must have mesophyte features, and possess a 
special structure which provides large spikes with nu- 
merous ears, Moreover, the varie.ies must be resistant 
to high temperatures, a low relative air humidity, fun- 
gus diseases, etc, However, under conditions of hard 
water irrigation attention must be given to creation of 
transitional forms, and also, possible application of the 
chilling method to the seed material by P, A. Genkel’ 
method, It is also important to select "seeds" for plant- 
ing from irrigated sectors, 

The value of the reviewed chapter consists in the 
fact that the author described a number of principles 
which can be utilized by selectors in their honorable 
trade of creating varieties for irrigation environments, 

The concluding 9th chapter is devoted to physiol- 
ogical characteristics of irrigation needs by plants, The 
diagnosis of the functional plant condition, or, in K, A. 
Timiryazev's figurative expression, “requesting the 
plant's opinion,” is, of course, one of the central prob- 
lems of physiology as a biological basis of agronomy. 

It is commendable that precisely this problem, accu~ 
rately completing the harmony, was sounded at the end 
of the monograph, One must agree with the author when 
he asserts that only characteristics of the plant's life 
activity (appropriate magnitudes of suction force, con- 
centration of cellular juices, osmotic pressure, degree 
of stoma opening, determination of plants “crying 
need") permit rendering scientifically based and reli- 
able methods of an early diagnosis of the plant's water 








needs, For such plants in concrete soil-climatic en- 
vironments limitswere established, on reaching of which 
irrigation is necessary, It shows how by taking advan- 
tage of these methods, water can be used economically 
and timed to obtain stable large yields, 

A number of observations can also be made on the 
second part of the monograph, The author pays insuf- 
ficient attention to plasma viscosity which can be one 
of the important characteristics of the plant's state and 
he has not utilized the literature in full measure on this 
problem. No attention was paid to the fact that the 
straw's conducting system is formed by leaves" or spikes’ 
tracks, The structure of the bread grains’ stalks should 
be studied from this point of view. 


Despite the above mentioned remarks and sugges- 
tions, N, S, Petinov's monograph — "Physiology of irri- 
gated wheat" — represents a valuable textbook for plant 
physiologists and the agrotechnical workers who desire 
to utilize scientific advancement in the practice of 
irrigated agricultural cultivations, Written in fine 
literary language, in a compact, coherently arranged 
style, carefully edited, the monograph extends far be- 
yond the title given it by its author and essentially con- 
stitutes a resume of the basic principles of plant phys- 
iology problems in irrigation, Many cardinal problems 
of irrigated agriculture were put in a new light and 
based on the author's numerous field and laboratory ex- 
periments, such as the correlation of mineral nutrient 
and water supply as related to metabolism, changes in 
the water requirements by plants in accordance with 
age, changes in the crop‘s structure and quality in re- 
lation to the water supply, etc. 


The monograph reflects the very obvious process 
occurring inmodern times, The plant's water supply is 
no more limited to “water balances," “water metabo- 
lism," “water forms" in the plant, but is conceived in 
the light of the plant's processes of the total life activ- 
ity, especially in its metabolism and regulatory rela- 
tionships, Finally, the author does not confine him- 
self to explanation of causes of undesirable phenomena, 
but offers rational methods of controlling them, This 
trait runs throughout the whole monograph like a red 
thread, 


All this confirms that N, S, Petinov's monograph, 
into the creation of which the author invested enor- 
mous toil, is a very modern, original and new work and 
therefore is highly valuable, 

The appearance of such monographs should be 
warmly welcomed, 
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B. A. Rubin, Lectures on Plant Physiology. 


Moscow, 1959, 
Reviewed by A, S. Okanenko, 





Translated from Fiziologiya Rastenii, Vol. 7, No. 5, pp. 622-624, 


September-October, 1960 


Ten lectures are published in the book, given by 
the author to professors, instructors, and science fellows 
of universities and scientific-experimental institutions 
of the Chinese Peoples’ Republic in 1957, 

The author introduces the reader to a concept of 
plant physiology problems based on materialistic con- 
cepts, the unity of the organism and medium, the unity, 
or rather, the synchronization of universal evolution 
(medium) and plants, Proceeding from facts of diver- 
sity of functions in the plant at different epochs of the 
world's existence, the author approaches the establish- 
ment of a multiplicity of means for the realization of 
basic functions (respiration, enzyme interaction, photo- 
synthesis and others) in different environments, The 
first lecture concludes with an exploration of modern 
problems of physiology which constitute the foundations 
of socialist agriculture, This chapter is written with 
originality and differs advantageously from similar intro- 
ductions of other courses, 

The second lecture is devoted to the adaptive role 
of physiological functions, Usually these problems are 
very poorly elaborated in textbooks, And yet they are 
exceptionally important for comprehending “nature, 
the so-called expeditious reaction to external activity” 
and “understanding the role of external medium factors 
in forming of metabolism characteristics peculiar to the 
organism." Rhythms in changes in the external medium 
(temperature, light, length of day, moisture, etc.) lead, 
in the long run, to an adaptation of metabolism such 
that the organism's life is made possible, 

The third-fifth lectures are devoted to respiration 
problems, One must.agree with the author that the ex- 
ceptional complexity of enzymatic respiratory systems 
is related not only to the species composition but also 
to the plants’ ecology, with the environments of its 
existence (favorable or unfavorable), with the state of 
the organism and other factors; this complexity is deter- 
mined by the plant's adaptation to various factors of the 
external medium in which the plant exists, while per- 
fection of the systems complexity consists of the most 
expeditious conversion of respiratory substances into the 
largest coefficient of its beneficial activity in each 
individual case, Numerous investigations by the author 
and his collaborators indicate that individual respiration 


stages absorption of O, and liberation of CO, — are de=- 
termined differently by external conditions; even sepa- 
rate tissues have different ratios of these stages, The 
optimal oxygen level is dissimilar for different tissues, 
Changes in temperature and a number of other unfavor- 
able circumstances is also accompanied by changes in 
the ratio of respiration stages, This is explained by the 
fact that respiration is a complex process in which sepa- 
rate links are regulated by different enzymatic systems, 
which can undergo dissimilar changes, 


In the fourth lecture the chemistry of the respira~ 
tory passage is treated: the dichotomous, achotomous 
and without preliminary phosphorylation, with an ac- 
count of the latest achievements in this respect, 


In the fifth lecture concepts are revealed of bonds 
in the heterogeneity of enzymatic systems of respira- 
tion and the “heterogeneity” of the medium; changes 
in the basic factors of the medium determining vital 
processes (of temperature, light, O2 and CO, content 
during the ontogenesis period as well as the everyday 
one), In this connection, in higher plants many reac~ 
tions are accomplished not by one enzyme, but by 
several simultaneously prevalent in the organism, 


Approaching these problems from the evolutionary 
point of view, the author suggests that individual agents 
of the complex respiratory system are characterized by 
different activity depending on different conditions of 
the medium, As the medium changes, the enzyme also 
changes, namely: an enzyme best suited for the given 
environment enters the formation, 

The author cites examples confirming that the 
basic role in the respiratory process is played by the 
enzyme for the activity of which the environments are 
nearest to optimal; changes in the individual protoplasm 
elements, on the other hand, contribute to the normali- 
zation of pathological processes due to the changes in 
correlation between the active and inactive portions of 
the enzymes, 

The sixth-eighth lectures are devoted to the eluci- 
dation of physiology of interrelation between the higher 
plant and the parasite attacking it. 

The author discusses the emergence of heterotrophs 
in evolution, problems of symbiosis and parasitism, 













ground of immune and nonimmune plant varieties, 

Also the character of the parasite's activity (para~- 
site's toxins and the plant's toxins formed as a result of 
the parasite's activity) or their component parts (ammo- 
nia etc,), and also the enzymes, The latter may great- 
ly vary in activity depending on nature of nutrient in- 
take, and in some cases they may generate anew, Great 
significance is ascribed to such adaptive enzymes, An 
interesting example is quoted from the studies of the 
Chinese scientist T'ang P’ei-sung, who found in higher 
plants the capacity to form adaptive enzymes (nitrate 
reductase in rice cultivated on media containing NOs), 
In ending the chapter, the author concludes correctly 
that diseases arise as a result of existing corresponding 
conditions in the external medium, toxic substances of 
parasites and plants, arising in them because of meta- 
bolic anomalies, parasite and plant enzymes (activated 
through parasite activity), antibiotics, growth stimulants 
and other biologically active compounds and anatomo- 
physiological properties of the plant-hosts, As an il- 
lustrative example, the activity is quoted of lycomaras- 
mine and fusarinic acid (vilt), compounds with a spe- 
cific ability to form metallochelates, to bind heavy 
metals and thus to disrupt the activity of oxidative 
enzymes, 

The following lecture is devoted to the physiology 
of diseased plants, The author considers as of basic 
importance determining the character of the disease the 
following: 1) virulence of the provoking agent and the 
mode of its nutrition; 2) metabolic properties of plant- 
host, which determine its resistance; 3) character of 
mutual adaptation; 4) stage of disease; 5) external 
medium environments in which the parasite's attack 
occurs, 

In relation to the disruption of the physiological 
processes in diseased plants, the author considers the 
following: a) increase of penetrability and exosmosis 
facilitating the formation of the “infectious drop,”. im- 
proving the parasite's feeding; b) changing the water 
supply~transpiration increase because of disturbance of 
covering tissues or disturbance of stoma movements by 
reason of inhibiting the synthesizing activity of phos- 
phorylase through the effect of toxin in closing cells, 
while on the other hand, there is a decreased ability of 
the root system to absorb water owing to the plugging 
up of the conducting passages by the products of para~- 
sitic activity, Deterioration of the water supply causes 
an intensification of dissimilating processes, a decrease 
of chlorophyll and a decrease of photosynthesis intensity 
as well as a disruption in metabolic processes which is 
accompanied by an intensified activity of hydrolytic 
and other enzymes through the effect of toxin, and al- 
so the activity of enzymes of the parasite itself, 

An actively destructive activity isexerted by 
such toxin components as ammonia (and amines of a 
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properties of obligative and facultative forms on a back- 





simple structure) which can form due to amidase and 
urease activation, 

In the eighth lecture of this series, the author 
proceeds to the accounting of the nature of intemal de- 
fensive reactions, in particular to clarifying the role of 
respiration as one of the most important links in meta- 
bolism and at the same time one of the causes of im- 
munity, At this time the author explains the meaning 
of changes that arise in establishing contact between 
the host=plant and the parasite, What should be noted 
in general is the activation of respiration in all cases 
of infection, The respiratory outburst in the host-plant 
is of short duration and the lower it is, the less the re- 
sistance; in resistant plants the struggle with infection 
is accompanied by intensified respiration for a long 
while, Intrusion of a parasite is accompanied by an 
essential reconstruction of the enzymatic system catal- 
yzing the plant's respiration due to the difference in 
sensitivity to toxins of the individual elements of the 
system, 

The role of the oxidizing system in immunity of 
plants consists of the following: a) oxidative and inac- 
tivating toxins; b) energy delivery for the support of 
normal (vital) cell structure; c) inhibiting hydrolysis 
of synthesized organisms; d) participation in synthesis 
of cell-wall elements etc, needed for creating barrier 
tissues, 

The problem of obligative parasites has not been 
studied thoroughly, Here the author shares the opinion 
of so-called “tissue oversensitivity” to parasitic toxins 
and the destruction of these tissues together with the 
parasite, 

There is a detailed discussion of the enzymatic 
mechanism of “oversensitivity" disclosed by the author 
in a joint study with Aksenova, 

Based on the concept of the organism as a unit, the 
author in his ninth lecture discusses the role of roots in 
the plants* life activity, Beginning with I, V. Michurin 
who showed the effect of the root systems on formation 
of hereditary properties of grafted plants, the author 
thoroughly discusses the data in the literature on this 
problem, especially numerous researches with the use 
of graftings, The exceptionally important role of roots 
is illuminated not only in the synthesis of most impor- 
tant substances, but also of enzymes; in cases of graft- 
ing, the activity of root properties is observed on the 
graft's leaf apparatus, 

In the last lecture the problem of quality and stor- 
age of vegetable material is discussed, Information is 
presented on improving the qualities of tea, tobacco, 
turnips, sunflower seed and other plants, The author 
also calls attention to the impairment of quality on dis- 
ruption of metabolism, particularly in the shrivelling 
mosaic disease of potatoes, 

Discussing the causes of unsatisfactory storage, the 
author points out chiefly the physiological diseases of 
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fruits which arise as a result of deviation from the nor- 
mal course of metabolism (for instance, peel spottiness 
in citrus fruits, apple tarnish, pulp browning and others), 
Studies by the author and his collaborators helped to 
clarify the causes of these diseases, 

The lecture concludes with consideration of the 
physiological action of hard y -rays (Co) on stored 
potatoes, The inhibition of eyelet sprouting occurs be- 
cause of a profound change in metabolism; a total re- 
generation of growth points sets in, their cells cease 
to divide, they protrude and vacuolate; the content of 
nucleic acids, which usually increases on the bulbs' 
emergence from the dormancy stage, on irradiation 
substantially decreases (to one half to one quarter) due 
to the intensification of ribonuclease activity, High 
radiosensitivity was also shown by oxidases found in 
the mitochondria: an increase in cytochromoxidase 
activity and a decrease in polyphenoloxidase and per= 
oxidase activities. By varying environments the 
prospect of using y -rays for potato lightness was suc~ 
cessfully proven, 

Regretfully, in some places the lectures are over 
simplified. Thus, in the first chapter the author states 
that “most investigators consider phosphoglyceric acid 
as the primary product of photosynthesis.” However, 
based on Calvin's chart, cited by the author, the pri- 
mary product is considered to be phosphoglyceric alde- 
hyde, It should be added that in the complex of re- 
acting systems acting on phosphoglyceric acid ATP, 
TPN, TPN-Ng and dehydrases participate, 

In the fourth chapter, on pages 80, 82 and 84 the 
diagrams should have been clearer, In some places the 
presentation is exceedingly niggardly (page 81, inter- 
pretation of data by Sleiter and others), 

While mentioning that Maler and others have found 
copper content in flavoproteins (butyrin coenzyme 
A-dehydrase, page 80), it should have been mentioned 
that in applying trilone B, which extracts copper from 
this enzyme, its activity is unchanged (E, Steyn-Parve, 
H, Beinert), 

In presenting the oxidase system in potatoes (page 
98) based on studies by Todt and the author, note should 
have been taken of the large amount of contradictory 
literature on this problem, Boswell and Whiting, Bos- 





well, Waiker and Nelson concluded that respiration of 
bulbs is 70% accomplished by polyphenoloxidase, Shade 
and Levy showed that 35-40% of respiration is accom- 
plished at the expense of cytochromoxidase, and the re- 
maining 60% is accomplished not at the expense of 
polyphenoloxidase, but that there must be one more 
metal-containing oxidase, According to James (and 
also Ivanova) it is ascorbinoxidase. Mul'der assumes 
that the final oxidase is neither polyphenoloxidase nor 
ascorbinoxidase, Goddard and Olden, also Barton, as- 
sume that independently active polyphenoloxidases and 
cytochromoxidases act in tubers, Timan and his co- 
workers exclude the possibility of polyphenoloxidase 
and ascorbinoxidase activity as the enzymes of the 

final respirational stage, 

In the fifth chapter, Fig. 26, illustrating dynamics 
of dehydrases in larch and pine, is incorrect: three no- 
tations are interchanged, The knowledge of gibberellin 
activity at the present time is somewhat different than 
the one stated in the book: the most active form is 
gibberellic acid (As) and not gibberellin A (page 132). 
The interesting studies of Tomiyan on causes of potato 
immunity to phytofluor is little understood (pages 172- 
173). 

In discussing his own interesting investigation of the 
characteristics of amylase activity on mosaic potato 
plants, revealing carbohydrate metabolism anomalies, 
the inversion of nitrogenous metabolism, characteristic 
of this disease, should have been dwelt upon, (page 204), 

B, A, Rubin's lectures on plant chemical physiology 
present this branch of science well from the theoretical 
and practical view, The themes of the lectures are 
successful since they illuminate precisely those problems 
which are but slightly touched upon even in extensive 
physiology courses, 


ANNOUNCEMENT 
A bibliography of domestic and foreign literature on 
the subject of: "Photoperiodism of plants" for the peri- 
od of 1951 to 1958 is compiled by M, V. Lomonosov 
Moscow State University, One may familiarize him- 
self with the bibliography daily from 9 to 6 in the 
Scientific-bibliographical department of LMSU Library, 
Moscow, Mokhovaya, 9. 


ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 





IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 

FTI 
GONTI 
GOST 
GRRRI 
Gtti 
GU 

I Kh N 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 





Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci-Tech Press 

All Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 
State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen. and Inorganic Chemistry (N. S. Kurnakov) 
Soil Science Inst. (Acad, Sci, USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 
Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 
Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech. Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 
Central Scientific and Technical Laboratory 
All-Union Academy of Agricultural Sciences 
All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 
All-Union Institute of Plant Cultivation 


All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 


All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad. Sci. USSR) 
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Abbreviation* 


Agrobiol, 

Akusherstvo i Ginekol. 
Antibiotiki 

Aptechnoe Delo 6 

Arkh, Anat. Gistol, i Embriol, 


Arkh, Biol. Nauk SSSR 

Arkh. Patol. 

Biofizika 

Biokhimiya 

Biokhim. Plodov i Ovoshchei 
Bot. Zhur. 

Byull, Eksptl, Biol. i Med. 


Byull. Moskov. Obshchestva Ispytatelei 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 

EksptL, Khirurg. 

Farmakol, i Toksikol. 

Farmatsiya 

Fiziol. Rastenii 

Fiziol. Zhur. SSSR 


Gigiena i Sanit. 
Izvest. Akad. Nauk SSSR, Ser. Biol, 


Izvest. Tikhookeanskogo N. L Inst. 
Rybnogo Khoz. i Okeanog. 

Khirurgiya 

Klin. Med. 

Lab. Delo 

Med, Parazitol. 

Med. Radiol. 

Med, Zhur. Ukrain. 

Mikrobiologiya 

Mikrobiol. Zhur, 

Nevropatol., Psikhyat. 1 Psikhogig. 

Ortoped., Travmatol, i Protez. 

Parazitol. Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinol. i Gormonoterap, 


Problemy Gematol, 


Problemy Tuberk, 
Sovet. Med. 

Sovet. Vrachebny Zhur. 
Stomatologiya 


RUSSIAN JOURNALS FREQUENTLY CITED 
[Biological Sciences] 


Journal* 


Agrobiologiya 

Akusherstvo i Ginekologiya 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii 1 Embriologli 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologlii 

Biofizika 

Biokhimiya 

Biokhimiya Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Byulleten Eksperimentalnoi Biologii i Meditsiny 


Byulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentainaya Khirurgiya 

Farmakologiya i Toksikologiya 

Farmatsiya 

Fiziologiya Rastenii 

Fiziologicheskii Zhurnal SSSR.im. I, M. 
Sechenova 

Gigiena i Sanitariya 

Izvestiya Akademii Nauk SSSR, Seriya Biologi- 
cheskaya 

Investiya Tikhookeanskogo N. I, Instituta 
Rybnogo Khozyaistva i Okeanografii 

Khirurgiya 

Klinicheskaya Meditsina 

Laboratornoe Delo (po Voprosam Meditsiny) 

Meditsinskaya Parazitologiya 1 Parazitarnye Bolezni 

Meditsinskaya Radiologiya 

Medichnii Zhurnal Ukrainskii 

Mikrobiologiya 

Mikrobiologichnii Zhurnal 

Nevropatologiya, Psikhyatriya i Psikhogigiena 

Ortopediya, Travmatologiya i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinologii i Gormonoterapii 


Problemy Gematologii i Perelivaniya Krovi 


Problemy Tuberkuleza 
Sovetskaya Meditsina 
Sovetskii Vrachebnyi Zhurnal 
Stomatologiya 


* BRITISH-AMERICAN TRANSLITERATION SYSTEM. 


(continued) 





Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

L M, Sechenov Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 

Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journal! 

Stomatology 


(continued) 


Abbreviation 


Terap. Arkh. 

Trudy Gelmint, Lab. 
Trudy Inst, Genet. 
Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol. 
Trudy Inst. Okean. 


Trudy Leningrad Obshchestva Estestvoisp. 
Trudy Vsesoyuz, Gidrobiol. Obshchestva 
Trudy Vsesoyuz. Inst. Eksptl. Med. 


Ukrain. Biokhim. Zhur. 
Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biol. 
Vestnik Akad. Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskov. Univ., Ser. Biol. i 
Pochvov. 

Vestnik Oftalmol. 

Vestnik Oto~rino-laringol. 
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